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Welcome Address

The 46th European Conference on Visual Perception (ECVP) took place in Aberdeen (Scotland), from
August 25th to 29th, 2024. The conference saw the participation of over 800 fellow vision scientists
coming from all around the world; the vast majority of them presenting their work, allowing us to
offer an outstanding scientific program.

The conference featured 3 keynote lectures, 10 symposia, 17 talk sessions, 7 poster sessions, and 6
tutorials. Bevil Conway opened the conference with the Perception Lecture on Sunday, Tim
Kietzmann gave the Spotlight in Vision Lecture on Wednesday, and Julie Harris the Rank Prize Lecture
on Thursday. A rich social program included the Welcome Reception, the Illusion Night (with more
than 35 exposition booths), the Conference Dinner, and finally, the Farewell Party. We also shared
Scottish cultural experiences, from whisky tasting to a ceilidh.

This year, we also introduced Perceptio-Nite (a networking evening event targeted at students), and
an exciting series of roundtable discussions at lunchtime to tackle some important debates in
academia and scientific research in general. In addition, we introduced a new lecture format that we
hope will catch on in the years to come — the Spotlight in Vision Keynote, in which an early or mid-
career researcher talks about recent exciting findings in vision science. In this abstract book, you will
find the summary of all contributions.

We hope that the ECVP 2024 in Aberdeen stays with you for a long time. We certainly will keep a
fond memory of this meeting.

Mauro Manassi & Constanze Hesse
(on behalf of the organising committee)






European Conference on Visual Perception 2024

Conference Organisers

Co-Chairs:

Constanze Hesse & Mauro Manassi

Local Organising Committee:
Nika Adamian
Rama Chakravarthi
Brett Cochrane
Martin Giesel
Amelia Hunt

Helen Knight
Agnieszka Konopka
Arash Sahraie
Clare Sutherland
Ben Tatler

Conference Support Committee:
Sanni Ahonen
Zhong Jian Chee
Joel Currie
Barbora lllithova
Mairi Irvine

Igne Jasukaityte
Matthew Johnson
Fiammetta Marini
Leoni Masroujah
Danai Papadaki
Ana Rozman
Daniela Ruseva

Admin support:

Rachel Elliott
Jade McGowan
Rhona Moore

Reviewing Committee:
Jorge Almeida
Rossana Actis-Grosso
Tiziano Agostini
Nihan Alp

Sgren Andersen
Hiroshi Ashida
Marco Bertamini
Jutta Billino

Huseyin Boyaci

Eli Brenner
Claus-Christian Carbon
Andrey Chetverikov
Thérese Collins

Luigi Cuturi

Christina de la Malla
Roland Fleming
Volker Franz

Elena Gheorghiu
John Greenwood
Sabrina Hansmann-Roth
Monika Harvey
Michael Herzog
Anna Hughes

Rachel Jack

Anna Kosovicheva
Arni Kristjansson

Joe Maclnnes

Pascal Mamassian
Jasna Martinovic
Anna Metzger

Koulla Mikellidou
Anna Montagnini
Isamu Motoyoshi
Krista Overvliet
Alexander Pastukhov
Meike Ramon
Martin Rolfs

Bruno Rossion

Kate Storrs

lan Thornton

Matteo Toscani

Loes van Dam
Robert Volcic
Christoph von Castell
Johan Wagemans
Thomas Wallis
Simon Watt

Laurie Wilcox
Benjamin Wolfe

Bei Xiao

Suncica Zdravkovié
Weina Zhu

Zhaoping Li



WITH THANKS TO OUR SPONSORS

(S)p_en SR Research
cience H
Tools }(.)‘

- ®
PsychoPy/JS and Pavlovia.org E y e L I n k

SILVER SPONSORS

Magic Leaal< N Meta
- BRONZESPONSORS

NG
sssssssssssssssssssssssssssss "g

www.gorilla.sc

OTHER SPONSORS

R(GPTION lPERCEPTIO N| ®sAcE J@

||||||||||||||||||||




European Conference on Visual Perception 2024

Table of Contents

SUNAAY 25th AUBUST .......cceeeeiiiiiiiieeiieeeteeteeeeeeeeeeeeeeeeeseeesessessssssassaaasssrassssssssassssssssssssssssssssssssssssssssassssssssssnssnsnsssnnnnnnnnnnnnnnnnn 9

T ol=T o A Lo = Tol U] TP UPPTUPPTPTPPPO 9
MONAAY 26th AUSBUST .....ceueieiiiiiiiiiiiiireein e as s s s s s s as s e e s s ss s sas s e e e s s s s asanseesssesssssssnsnenssssssssnes 9

o =T YTy o] o e USSP PP 9
Symposium 1 - Increasing diversity in person perception research .........ccccoevieeiiieiieniiienieee e 35
Symposium 2 - Statistical learning in visual perception: How does the visual system process probabilistic
INfOrmMation iN the ENVIFONMENT? ... e st e e sttt e e e st b e e e s abeeesaasaeessbteeesnseeesnnnees 37
Talk Session 1 - Motion Perception
TalK SESSION 2 = ATEENTION ..eeiiiiiiiiiiitieete ettt et st e st e st e st e e s abe e s beesabeesabeesabeesabeesabeesabaesabeesabeesabeesabaesnseesases
Talk Session 3 - Social Perception..............

Talk SESSION 4 - CHNICAI VISION ...eitiiiiiiiiiieeiieeste ettt s et si e s be e st e s abee s beesabeesabeessbeesabaesnbeesabeesnbeesnbaeenseesnses
POSTEE SESSION 2 ..ttt e
TUESAAY 27 AUBUSE «eevuvereerieeiieeiieeiseeiseessseisssesssssssssssssssssssssssssssesssesssesssssssesssesssesssesssesssesssesssesssesssesssesssesssesssesssessaess 72
(o] (=T Y=Y (o] o HC J P SOPPPPT PP 72
Symposium 3 - Space matters: Cortical traveling waves and their role in perception and attention ............cccccuve.ne. 98
Talk SESSION 5 - PEICEPTION & ACTION .oeiitiiiiciiee e ciiee e ettt ettt e e ettt e e e st e e e e ette e e s abeeeeeabaeeeesraseeaasaeseansseseanssaeeeassaeessreeann 99
Symposium 4 - Congenital achromatopsia as a model testing vision development and plasticity ...........cccouveeennnenn. 101
Y oJo] A LT={ o N T I VT o o I =T (U TSRS 103
(Lo =T YT (o] o O PSP U PP UUPPRPPPI 103
Talk SESSION 6 - FACE PEICEPTION ..eeiiiiiiiie ettt ettt ettt ettt ettt et e bt e st e e s it e e sab e e s bt e e sabeesaseesabeesaseesabeesnseesabeenaneesas 128
Talk SESSION 7 - Material PErCEPTION. ... eiii ittt e e et e e st e e et e e e st e e e esanaeeesasseeesansaeeesnnneeesnsneeenn 129
Talk Session 8 - 3D Vision, DEPLN & STEIEO......uuicuiiii ettt e e e e e st e e e saee e e staeeeesnteeeesnaeeeesneeean 131

Wednesday 28th AUBUST........cceeiiiiiiiiiiiiiiiiiiiiiiiiiereessisssssissees s sssssssssssessssssssssssssesssssssssssnssessssssssssssssesssssssssssnnnnnns 133
POSTEI SESSION 5.ttt bbb 133
Symposium 5 - Gaze patterns in Natural DENAVIOUN ........cc.eviiiiiii e e e e e 159
Talk Session 9 - ObjJects & SCENE PEIrCEPLION ...ciicuiiii ettt et e e et e e st e e e saee e e esnbaeeesnnneeesnneeean 161
Symposium 6 - Reproducing reality: What is needed to build displays that pass the "visual Turing test"?............... 162
Symposium 7 - Spanning the space of science: from cones to colour applications. A symposium in honour of Sophie
ALV =T == PP PPPPPPPPPPPPPPPPRE 164
L1 ST o o I K I o =1 F=1 VA T [ o PP 165
Talk SESSION 11 - VIrtUal REAIILY ...uvvviiieiee et se e e e e e et e e e e e e e s aabaaaeaeeeesensatraeaeeesensnssreneas 167
Lo (=T YT (o] o N ST PP TP PUUPPROPPI 169
RANK PriZE LECTUIE . neiee ettt ettt ettt ettt e e ettt e e s bt e e sttt e e s ea bt e e s e asbeeesaabeeesaabeeeeaasbaeesassteeesabeeeesnnbaeesnnnees 194

THUrsday 29th AUGUST ..ot cees s rreeieee e seseeeenesssssssseeeennnssssssssesennnssssssssesesnnnsssssssssennnnsssssssssesnnnnssssnnnnnen 194
o1 T YT o o 1 O PSPPSRI 194
Symposium 8 - Peripheral vision: Behavioural, neural & functional perspectives .........cccocceeeiieiiiiiiieeee e, 219
Talk Session 12 - Lightness, Brightness & COlOUT .........uiiiiiiiiiiiiiiiiee ettt e e e s e e e e e e e bab b e e e e e s e e naraeneas 221

Symposium 9 - Perception, cognition, and action in neuropsychological patients: Bridging science and practice ...223
Symposium 10 - From eye movements to action: Celebrating Eli Brenner's contributions to the field of Perception

Lo Lo 1Yo 4 o T o HO SO PO TS PO PTRTPPRPPI 224
B 1L YT Fo T T A Y g = = ot £ S 225
Talk Session 14 - INAiVidUAl DiffErENCES ....ciiiviieieiie et e e s e e e st e e s saee e e sneeeeesntaeeesnnneeessnneenn 227
Talk SESSION 15 - EYE IMIOVEMENTS ....eeiiieiieeeitieeeeiteeeseteeeestteeeeeeeeeesnaeeeassteeesasseeessseesassteeesansseeesasseeesanssesssnsnessnsseeen 229
B | YT fe B A IV [T o Vo) VA T I =T =Y o) o ) o S 231
Talk SESSION 17 - MUIISENSOIY PrOCESSING....uvviiiieiieiiiiiiiiee e eeccttee e e e e eect it e e e e e e e e e ata e e e e e e se s ataaeeeeeeesastaasesaaeesenssrrenes 233



UNLOCK
ADVANCED
PARADIGMS ¢

IN OPM-MEG RESEARCH

Rapid invisible frequency tagging (RIFT) uses our PROPixx 1440Hz
video sequencer to reliably tag at high frequencies (>50Hz). This
method leaves low-frequency oscillations available for study and
allows for invisible tagging embedded in naturalistic paradigmsy3

The PROPixx is the only MEG- and OPM-safe, out-of-the-box
solution for RIFT applications. Our projection technology has been
used with RIFT to conduct groundbreaking research on:
. Attention®
Brain Computer Interfaces
Reading®
Multimodal integration’
Statistical learning®
... and more

Visit vpixx.com or contact our team of trained staff scientists at
scientist@vpixx.com to see how the PROPixx can help you take your
research to the next level.

1. Zhigalov, A., et al. (2019). Neurolmage, 195.
2. Minarik, T., et al., (2023). Neurolmage, 281.
3. Seijdel, N., et al. (2023). Cereb Cortex, 33(5).

. 4. Zhigalov, A., & Jensen, O. (2020). Hum Brain Mapp, 41(18).
5. Brickwedde, M., et al. (2022). J Neurosci Methods, 382.
6. Pan, Y., et al. (2021). Nat Commun, 12(1).
b 7. Drijvers, L., et al. (2021). Hum Brain Mapp, 42(4).

L . . 8. Ferrante, O., et al. (2023). J Neurosci, 43(12).
Vision Science Solutions




NEON

Eye tracking designed to power scientific
research and novel applications.

O

Pupil

m Open access to all data = Deep learning powered Labs

m No setup or calibration = Works for all subjects

SR Research

SR Research o

Fast, Accurate, Reliable Eye Tracking Em

EyelLink’ EyelLink

1000 PLUS PORTABLE DUO

The Flexible Eye Tracker The Portable Eye Tracker

www.sr-research.com info@sr-research.com

Eyel.ink is a registered trademark of SR Research Ltd.



Open
Science
Tools

Short O

time but have
spare funds?

Our team develop PsychoPy and .
Pavlovia but did you know that we /Get in tOUCh!\

can also help with:

consultancy@opensciencetools.org

Creating tasks @ PsychoPy.org

Debugging support X @PsychoPy
sions I psychopy_official

@discourse.psychopy.org:]/

Delivering trai

Developi




European Conference on Visual Perception 2024

Sunday 25th August

Perception Lecture

Principles of Neuroscience in Color

Dr Bevil Conway?
INational Eye Institute (US)

“What is color?” is among the oldest questions of psychology, prompting the earliest written records of philosophical theories of
perception that date to Parmenides, Empedocles, Democritus, and Aristotle in ancient Greece. In this talk, | will take a tour of the
evolutionary and cultural history of color, describing some surprising ways in which color has shaped the very practice of science and the
development of western civilization, including modernism. | will attempt to integrate into this broad framework a discussion of
neuroscientific experiments that use non-invasive brain imaging and psychophysics in humans and trichromatic monkeys, together with
neurophysiological recording in monkeys, that aim to understand how spectral signals are transformed by the visual system into color. |
will highlight work on color naming, the status of so-called unique hues, the origin of color concepts, memory colors, and the geometry
of the neural representation of color. I'll endeavor to connect the lessons learned from the experiments to the more general pursuit of
principles of neuroscience, with the ultimate goal of understanding what color is, and what color is for.

Monday 26th August

Poster Session 1

01
Material perception with GPT-Vision

Maarten Wijntjes?, Yuguang Zhao?

1Delft University of Technology (NL)

Generative image models have been trained on text-image pairs and can thus take a textual input and generate a resembling picture. It
is also possible to do the reverse, i.e. let a model generate text that resembles an input image. Recently, an extra functionality has been
added to let one ask text questions about an image. This opens up possibilities to conduct psychophysical research on Al models, although
in this case the psyche is artificial. To explore the possibilities, we let GPT-Vision participate in an experiment on material perception. We
used an existing dataset that we recently generated on human observers in a material similarity experiment: we showed triplets of stimuli
and asked the observer to pick the odd-one-out, or differently formulated: to choose the pair of stimuli that consist of the most similar
materials. We gave GPT-Vision the same task and in addition asked to explain its’ choice. We computed the coherence between human
and artificial data and found that in 50% of the cases they gave the same answers (on 198 trails), where chance level is 33%. Although
we did not have human data to compare to (humans only had to choose, without textual explanation), we were surprised by how
perceptually literate the model performed. For example, it mentioned “metallic, reflective finish”, “matte surface”, “soft folds” “grain
and texture visible”, “appear more opaque”, “transparent and glossy look” “gold-like appearance”, etc. This indicates that the inability
of machine vision to “see stuff” has largely been overcome.

Acknowledgements: This work is part of the research program Visual Communication of Material Properties with project number 276-
54-001, which is financed by the Dutch Research Council (NWO).

02
Walking lends a helping hand to vision in the sound-induced double flash illusion

Cameron Phan?, Alessia Tonelli2, David Alais?

IThe University of Sydney (AU), 2Istituto Italiano di Tecnologia (IT)

Walking is an active movement regularly engaged in by most able-bodied individuals and studying human perceptual phenomena within
this framework is pivotal to a more ecological understanding. Additionally, simultaneous travel in the spatial and temporal domains and
the involvement of multiple senses make it a fitting context for phenomena related to the multisensory temporal domain. One such
phenomenon is the sound-induced double flash illusion. Due to the advantage audition holds in temporal resolution over vision, an
individual may perceive an additional illusory visual event (i.e., flash) when the auditory events (i.e., beeps) they experience outnumber
their visual counterpart. On the one hand, the likelihood of experiencing these additional flashes increases as the time between the
onset of events (stimulus onset asynchrony — SOA) decreases. On the other hand, the double flash illusion diminishes as the SOA exceeds
the temporal binding window within which observers may bind two events together. In our study, we investigated the effect of walking
on the double flash illusion by hypothesizing a reduction in the illusion during walking. We had individuals experience zero, one, or two
flashes alongside zero, one, or two beeps whilst standing still, slowly walking, or walking at their normal pace. The SOA was 70, 100, 150,
or 250 ms for conditions where two events occurred for either modality. Individuals’ temporal binding windows were estimated for each
condition using their responses. As expected, lower SOAs produced greater illusory experiences. Normal walking decreased the peak
likelihood of experiencing the double flash illusion and, thus, reduced the amplitude of the temporal binding window. When individuals
walk at a comfortable pace, they are less prone to experience visual illusion due to auditory input.

Acknowledgements: MSCA-2021-PF-01 g.a. No 101064748 - FLEX-U.
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The role of colour in recognition of cultural landscapes

Galina Paramei?, Yulia Griber?

ILiverpool Hope University (UK), 2Smolensk State University (RU)

We explored the role of colour for memory of cultural landscape images. We hypothesised that the impact of colour on recognition of
cultural landscapes would differ from that of natural scenes and vary with the degree of colour diagnosticity in cultural landscapes.
Participants (N=154), aged 18-66 years (M = 24.9 +/- 9.3), had normal colour vision. Images (N=72), predominantly from the McGill
Calibrated Colour Image Database, comprised three cultural landscape types: (1) artificially designed (parkscapes); (2) organically evolved
(cultivated fields); and (3) associative (e.g. sacred sites). In the learning phase, 36 target images were presented randomly; the exposure
varied as 64, 128, 300 or 2000 ms (block design). In the immediately following test phase, target images were interleaved with 36
distractors. Each target and distractor image were presented either in colour (C) or greyscale (G), with a Latin square design of the
learning—test presentation combinations of targets and distractors. The recognition rate was assessed for the landscape type (3), colour
mode (4: CC, CG, GC, GG) and exposure duration (4). We found colour advantage for image recognition in the CC mode: >90% for
associative landscapes, and 60—-70% for designed and organically evolved landscapes. When images were learned in colour and tested
as greyscale (CG), the recognition rate was ca. 70% for associative landscapes, and >80% for designed and organically evolved landscapes.
This hints that colour is more critical for recognition of cultural landscapes with low colour diagnosticity (associative). Unexpectedly,
when cultural landscape images were memorised as greyscale and tested in colour (GC mode), their recognition accuracy was impaired
(<50% for the two shortest durations). This finding is at odds with enhanced recognition of natural scenes rendered in (diagnostic) colour,
reported earlier, and speaks against colour being a strongly bound attribute of memorial representation of cultural landscapes.
Acknowledgements: The project was supported by the Russian Science Foundation (grant No. 22-18-00407).

04
Visualization of Mental Templates in Human Sensory Information Processing Using Diffusion Model

Qifeng Wei3, Imanishi Wataru®-2, Atsushi Ishiyama?, Tomoyuki Naito2*

1Graduate School of Frontier Biosciences, Osaka University (JP), 2MaiND Lab, Inc., 3School of Engineering Science, Osaka University (JP),
4Graduate School of Medicine, Osaka University (JP)

Understanding how mental models shape sensory judgments is both fascinating and challenging for cognitive science. Conventional
psychological reverse correlation approaches have problems such as increased number of trials, low quality of the generated images,
and significant dependence of the results on the base image, since the reverse correlation method is implemented using real space. To
solve these problems, this study presents a new method that uses an image diffusion model. Inspired by the diffusion model, the method
has two stages. First, the image is processed into perceptual latent space by an autoencoder fine-tuned for perceptual loss. Second, there
is a second stage in which the diffusion model encoder projects this space deeper into a more general semantic latent space. By
eliminating information irrelevant to the human cognitive representation, the similarity between the model-generated latent space and
the latent space of the human brain is greatly enhanced. This strategic filtering ensures that our model sees only the most important
features and patterns for social observation and cognitive evaluation, similar to the way humans process visual information.
Furthermore, this two-step process not only improves the quality of the mental images we can reconstruct, but also allows us to trace
real-world images into the model’s latent space for deeper understanding of sensory judgments. Psychological experiments of evaluating
attractiveness visual images with over 50 participants revealed that our model successfully captures and reconstructed mental image
template for sensory judgments and that could predict the score of sensory judgment of new images with high accuracy. These results
suggest that our model may serve as a model for computing semantic latent spatial distance and allow us to examine in detail the
cognitive framework of sensory perception and stereotypy.

05
Functional dissociation between alpha and theta oscillations for feature-based and spatial attentional orienting and reorienting

Laurie Galas?, Mehdi Senoussi?, Niko Busch3, Laura Dugué?

1Université Paris Cité, CNRS, Integrative Neuroscience and Cognition Center (FR), 2Université Toulouse Jean Jaurés, CNRS (FR), 4Institute
of Psychology and Otto-Creutzfeldt-Center for Cognitive and Behavioral Neuroscience, University of Muenster (DE)

The processing of relevant visual information can be facilitated by covert attention. Attention can be voluntarily oriented and sustained
at one location or explore spatial locations (spatial attention). Attention can also be sustained on a stimulus feature or explore the feature
space (feature-based attention). Previous results associated sustained spatial attention with alpha (8-12Hz) and exploratory attention
with theta (4-7Hz) brain rhythms. However, evidence regarding the nature of attentional exploration across the stimulus space (for a
location or a feature) and its neural substrate remains limited. We used a voluntary attention cueing paradigm while human participants’
brain activity was recorded with electroencephalography. Sustained and exploratory attention across both location and feature space
were manipulated independently. A classifier trained and tested on the attended dimension (a location or feature) assessed the neural
representation dynamics of attentional orienting (cue-to-target period). Generalized across time, classification accuracies revealed
oscillatory patterns at alpha and theta frequencies for feature-based attention (attention sustained on a feature but exploring space as
the target location is unknown) and alpha for spatial attention (spatially sustained but exploring the feature space). We further analyzed
theta oscillations in the post-target period and found stronger theta power in invalid trials (when attention was on the distractor location
or feature and needed to reorient to the target) compared to valid trials with a stronger effect for spatial attention compared to feature-
based attention. We interpret the stronger effect in the spatial attention condition as a result of spatial exploration being already engaged
in feature-based attention before stimulus onset. Additionally, we found a correlation between behavior and brain activity with faster
reaction times linked to stronger theta power. Together, our results suggest that alpha oscillations are associated with sustained
attentional orienting regardless of the attended dimension, and theta oscillations are related exclusively to spatial attentional
exploration.
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Acknowledgements: This project has received funding from the European Research Council (ERC) under the European Union’s Horizon
2020 research and innovation programme (grant agreement No 852139 - Laura Dugué) and the Agence Nationale de la Recherche (ANR)-
Deutsche Forschungsgemeinschaft (DFG) programme (grant agreement No. JI8PO8ANROO - Laura Dugué).

06
A Stroop effect for material appearance

Hua-Chun Sun?, Jacob Cheeseman?, Giacomo Aldegheri?, Roland Fleming?, Filipp Schmidt?®

LJustus Liebig University Giessen (DE)

Both perceptual and semantic aspects of materials provide rich information about stuff around us. For example, objects with shiny
surfaces are likely to be hard and heavy, and most metallic materials share similar characteristics. Yet, how the representations of
material words and their visual attributes are processed and integrated in the brain is still an open question. Here we exploited the
Stroop paradigm to uncover interactions between visual and semantic encoding of material categories. We presented the names of 11
materials in different fonts with specific material appearances, e.g. the word “metal” rendered in metallic font (congruent condition) or
in wooden font (incongruent condition). Each stimulus was shown for two seconds. In half of the blocks, participants (n=51) read the
written words, in the other half they reported the font material of the letters, (no time limit was specified). Half of the material naming
and word naming blocks featured grayscale stimuli to estimate the role of color. In total, each participant completed 484 trials of German
language speech responses, i.e. 11 material words x 11 material fonts x 2 naming blocks (word naming or material naming) x 2 (color-
scale or grayscale blocks). Onset times were measured using different speech analysis methods. We found that participants took
significantly longer to name material fonts than material words, and the response in congruent conditions was slightly faster than in
incongruent conditions. Our results suggest that the visual properties of materials are extracted automatically, facilitating the processing
of semantically congruent information.

Acknowledgements: DFG (222641018 — SFB/TRR 135 TP C1), the HMWK (“The Adaptive Mind”) and European Research Council Grant
ERC-2022-AdG “STUFF” (project number 101098225).

07
Binocular rivalry dynamics are abnormal in amblyopia

Adrien Chopin?, Aubrey Rossi?, Preeti Verghesel, Michael A. Silver4, Dennis M. Levi3

ISmith-Kettlewell Eye Research Institute (US), 2Psychology Department, University of Oregon (US), 3Herbert Wertheim School of
Optometry and Vision Science, University of California, Berkeley (US), “Helen Wills Neuroscience Institute, University of California,
Berkeley (US)

Binocular rivalry is a phenomenon where human perception alternates between two disparate images presented continuously to each
eye. Previous studies have predominantly focused on rivalry in people with non-amblyopic strabismus, used brief stimulus presentations,
or solely reported overall rivalry dominance. In this study, we investigated the dynamics of sustained rivalry by presenting orthogonally-
oriented gratings one in each eye of 11 amblyopic patients (6 anisometropic, 1 strabismic, 4 mixed) and 7 control participants.
Participants reported their percepts during 1-minute presentations. Interocular contrast and alignment were individually adjusted to
avoid diplopia. Amblyopic patients experienced fewer reversals (alternation between two different exclusive perceptual states, e.g., a
sequence of left, mixed, then right percepts; p = 0.0002) and higher proportions of incomplete reversals (e.g., a sequence of left, mixed,
then left percepts; p = 0.02) compared to controls. Patients with anisometropic amblyopia experienced more incomplete reversals than
patients with strabismic or mixed amblyopia (p = 0.03), suggesting larger binocular noise levels in anisometropic amblyopia. Patients
spent less time perceiving the weaker eye stimulus than control subjects (p = 0.005) but similar time perceiving mixed percepts (p = 0.35)
or the dominant eye stimulus (p = 0.97). The reversal rates were sufficient to distinguish amblyopic and control observers, except for one
participant. Adding the proportion of time spent seeing the dominant eye stimulus while experiencing exclusive percepts allowed
complete differentiation of patients with anisometropic amblyopia from those with strabismic or mixed amblyopia. Further, by adding
the proportions of incomplete reversals, control participants could be entirely separated from patients with anisometropic amblyopia
and from patients with strabismic or mixed amblyopia. We conclude that amblyopic patients experience binocular rivalry with severely
abnormal dynamics, making it a promising candidate for a diagnostic tool.

Acknowledgements: This research was supported by the European Commission Marie-Curie award PIOF-GA-2012-327905 (AC), a Smith-
Kettlewell postdoctoral fellowship (AC), NEI grants RO1EY020976 (DML) and R21EY030609 (DML), and NEI Core Grant P30 EY003176
(MAS and DML).

08
An open-source vision-science tool for the auto-regressive generation of dynamic stochastic textures Motion Clouds

Nikos Gekas?!, Andrew Isaac Meso?, Jonathan Vacher3, Laurent Perrinet4, Pascal Mamassian®, Guillaume Masson#

1Edinburgh Napier University (UK), 2King's College London (UK), 3Université Paris Cité (FR), “Aix-Marseille Université (FR), SEcole normale
supérieure (FR), PSL University (FR)

Motion Clouds are a generative model for naturalistic visual stimulation that offer full parametric control and more naturalism than the
widely used alternatives of Random Dot Kinematograms (RDKs) or luminance gratings. We previously released an 3D FFT-based
generation algorithm (Sanz-Leon et al., J Neurophysiol, 2012). Here, we present a novel implementation of motion clouds that uses an
Auto-Regressive formulation so that any number of frames can be generated quickly with parameters changed in near real time, as
needed in closed loop experiments. We demonstrate a version of the proposed toolbox that will be available online to illustrate the level
of control available. With a graphic user interface, researchers can use interactive sliders to adjust motion cloud parameters like central
frequency, orientations and bandwidths to get an intuitive feel for the parametric changes. We provide functions that can be easily
integrated with psychophysics task tools like Psychtoolbox. Motion clouds can be used to generate trials of stand-alone moving
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luminance textures or added to other stimuli like images or videos as dynamic noise to disrupt visual processing. The toolbox can be run
using GPUs to speed up generation to pseudo real-time for large stimulus arrays of about 1024 by 1024 pixels at 100Hz. We argue that
this tool can enhance visual perception experiments in a range of contexts and would like it to be open to extensive testing, use and
further development by the psychophysics, computational modelling, functional imaging and neurophysiology communities.

09
The face-name matching effect in a Serbian context

Suncica Zdravkovié

1Department of Psychology, Faculty of Philosophy, University of Novi Sad Serbia (RS)

It has been shown that people can perform at above chance levels when asked to select the correct first name of an unfamiliar person
depicted in a photograph when that name is offered in a small list of alternatives (Zwebner et al, 2017). This face-name matching effect
seems to be culturally driven, as participants are only successful when the depicted names and photographed faces are from their own
culture (their language and ethnic group). We replicated the described effect in Serbia, using photographs of local people with Serbian
names. The accompanying filler names were chosen to have the same frequencies of occurrence in the population as a particular correct
name. We obtained an even higher percentage of correct answers (31%) than in the original study (28%), even though our stimuli control
was somewhat stricter. In a second experiment, personal names were replaced with family names, and again a significant effect was
obtained, although the absolute percentage of correct answers was lower (27%). Given that the face-name matching effect is a form of
self-fulfilling prophecy, it might appear to be cognitive in nature. However, it is driven by low-level features of the visual stimuli,
consequently, a trained artificial neural network can achieve the same success rate as humans (Zwebner et al, 2017). We tested this
finding by running participants who have mild or more severe deficits in face recognition. They struggle with the identities of famous
people shown in photographs but can often recognize familiar faces based on internal and external facial features. Hence, they are a
good match for a machine-learning algorithm that associates visual stimuli with tags (i.e., faces with names). The obtained pattern of
results for this group of participants will be discussed in comparison to the previously tested typical Serbian population and findings from
the artificial network.
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ERG correlates of the famous ramp aftereffect

Shalila Freitag’2, Maren-Christina Lengle3, Sascha Klee3, Sven P. Heinrich2

1Eye Center, Medical Center, University of Freiburg (DE), 2Faculty of Medicine, University of Freiburg (DE), 3Institute of Biomedical
Engineering and Informatics, llmenau University of Technology (DE)

Purpose: After presenting a visual adaptation stimulus with sawtooth-modulated repetition of increasing/decreasing luminance, a
subsequent test stimulus with constant luminance is perceived as dimming/brightening. This was first described by Anstis (1967) as the
ramp aftereffect. So far, its anatomical location and the underlying mechanisms are unknown. This study aimed to identify relevant steps
along the retinal processing chain using electroretinography (ERG). Methods: As adaptation stimuli full-field luminance was modulated
in time following a sawtooth pattern (upward or downward ramps at 2 Hz). The test stimulus, probing the adapted state, was a
subsequent 100 ms sequence of flash lights. A third control condition used a constant luminance adaptation stimulus. We analyzed the
following ERG components evoked by the test stimulus: low-frequency awave, bwave, onPhNR, dwave and offPhNR, and high frequency
oscillations. Subjective perception was recorded in a complementary psychophysical nulling experiment using the same stimuli. Results:
Psychophysics. We replicated the ramp aftereffect with upward/downward luminance ramps eliciting a dimming/brightening aftereffect.
Consistent with previous findings the effect was stronger with upward adaptation. ERG. We found significant differences in all ERG
components between the control condition and the ramp adaptation. Moreover, we found stronger changes in activity after downward
adaptation to the upward adaptation. No correlation between psychophysical results and ERG components was found. Conclusion: Given
the opposing nature of our adaptation ramp conditions (upward versus downward) we expected opposing effects in the ERG but only
found differences in strength. Moreover, we expected differences between the upward and downward ramp conditions for specific ERG
components (i.e., retinal processing steps), but instead found differences in the whole retinal processing chain. This prompts for
consideration of post-retinal stimulus processing as a potential locus of direction-specific ramp adaptation.
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Pre-saccadic Attention (and not arousal) modulates the Size-Eccentricity Effect

Céline Paeye?, Jad Laaboudi?, Anne Hillairet de Boisferon?

ILaboratoire de Psychologie des Cognitions - Université de Strasbourg (FR), 2Laboratoire Vision Action Cognition - U. Paris Cité (FR)
Peripherally located objects are often perceived as smaller than centrally located objects, a perceptual phenomenon known as the size-
eccentricity effect. This phenomenon, mainly due to the structural properties of the visual system, is further modulated by covert
attention (i.e., attention directed to a specific location without eye movement). In this study, we investigated whether pre-saccadic
attention (attentional resources closely linked to ocular saccades) could also compensate for this effect. Participants (N=16) performed
a judgment task where they had to compare a test disk of varying size, briefly presented in peripheral vision, to a reference disk appearing
about 450 ms later in foveal vision. Psychometric function parameters were computed. When no saccade was made toward the location
of the test disk, the size-eccentricity effect was observed. However, when participants initiated saccades about 200 ms after the
extinction of the test disk, points of subjective equality were close to objective equality. Discrimination sensitivities remained unaffected,
indicating similar task difficulty levels. These results were replicated in a second experiment (N=16), which also aimed at ruling out an
alternative explanation involving non-specific arousal mechanisms, also known to enhance visual perception. Participants executed
either a non-oriented finger movement (keypress) or an antisaccade instead of a saccade. The size-eccentricity effect disappeared only
in the saccade condition, confirming that the size-eccentricity compensation associated with saccades is due to a shift of pre-saccadic
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attention rather than arousal. Therefore, pre-saccadic attention not only improves the processing of orientation, contrast and spatial
frequency (as previously demonstrated), but also improves the processing of peripheral object size. Presumably, the shift of receptive
fields observed towards the focus of covert attention, likely responsible for the modulation of peripheral object size perception, is
potentiated by pre-saccadic attention.

Acknowledgements: This work was supported by the ANR-18-CE28-0001 (CP).
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Perceptual learning improves motion perception in patients with age-related macular degeneration

Célia Michaud?, Cynthia Faurite3, Jade Guénot?, Victor Vattier2, Maxime Rosito?, Robin Baures?, Yves Trotter?, Vincent Soler?, Carole
Peyrin3, Benoit R Cottereau?

IFrench National Centre for Scientific Research (FR), 2Centre de Recherche Cerveau et Cognition, Université Toulouse IlI-Paul Sabatier,
CNRS (FR), 3Laboratoire de Psychologie et NeuroCognition, Université Grenoble Alpes, Université Savoie Mont Blanc, CNRS (FR)
Maculopathies such as age-related macular degeneration or Stargardt’s disease are typically characterized by a progressive and
irreversible loss of central vision which has a dramatic impact on the patients’ quality of life. A promising readaptation strategy for
patients is to train their peripheral vision, which remains functional, in order to diminish their visual impairments. Here, we explore
whether perceptual learning can improve patients’ ability to perceive motion that relies on both central and peripheral vision. Nine
participants with either age-related macular degeneration or Stargardt’s disease (absolute scotoma in both eyes, aged between 50 and
81) performed 12 training sessions of about an hour and spread over 4 weeks. During each of these sessions, they had to report the
motion direction (either upward or downward) of a translating pattern defined from dynamic random-dot kinematograms. All
participants improved their performances with the training (mean improvement rate [(post-test result - pre-test result)/pre-test
result]*100): 38.3 percent +/- 8.3 percent of standard error; p=0.0078, Wilcoxon test), which suggests that perceptual learning is efficient
in this case. In order to determine whether these effects can be generalized to untrained and more complex motion tasks, we investigated
the performances of 5 of the patients on a multiple object tracking task, before and after the training. Analyses showed that tracking
performances were also generally improved after the training (mean improvement rate: 7.4 percent +/- 4.5 percent of standard error).
These results suggest that perceptual learning is an effective tool to improve motion perception in patients with maculopathies and that
the effects of training on a simple motion discrimination task might transfer to more complex tasks. Overall, these results open interesting
perspectives for the development of effective readaptation strategies based on perceptual learning in maculopathy patients.
Acknowledgements: This study was supported by a grant from the Agence Nationale de la Recherche (ANR-21-CE28-0021, ANR PRC
ReViS-MD; awarded to BRC).
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The SPL-IPL lesion causes optic ataxia (OA) characterized by gaze-centred hypometric pointing to targets in the affected peripheral visual
field. The SPL-IPS is also involved in covert attention. We aimed at investigating the possible link between attention and action, and
whether the attentional deficit could cause the gaze-centred hypometria in OA. Modulation of action by attention was evaluated as the
effect of valid or invalid cue on pointing performance in healthy subjects and OA patients. Invalid trials involved a totally random
presentation of the visual target, in terms of eccentricity (15, 20, 25, 30 or 35°) and visual field (left or right), as in the usual assessment
of peripheral reaching performance in OA, whereas valid trials involved presentation of a visual target in the cued field at the same
blocked eccentricity. The first experiment displayed a central cue (arrow) with 75% of side-validity, while the second experiment used a
peripheral cue of 50% of side-validity. Diverting attention to the opposite visual field (invalid trials) in experiment 1 allowed to mimic the
pointing pattern of OA patients in healthy controls. The second main finding of experiment 1 was that pointing performance in patients
with OA could be improved with valid side and positional cueing. In contrast, experiment 2 did not show any consistent effect of
peripheral cueing on pointing performance, neither in healthy controls nor in patients with OA. These results suggest that the visual field
effect of AO may result from an impaired ability to orient covert endogenous attention toward the affected visual field. The improvement
would then be explained by the use of residual resources of endogenous attentional shifting with possible anticipation and amelioration
of accuracy. In contrast, the exogenous attention capacities, preserved in patients, do not seem to be able to compensate for their deficit.
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Does human perception have access to purely monocular information?

Rinku Sarkarl, Robert F. Hess?, Alexandre Reynaud?

IMcGill University (CA), 2McGill Vision Research Unit, Department of Ophthalmology, McGill University (CA)

Recent neurophysiological findings challenge the traditional belief that there are purely monocular cortical cells in early visual cortex V1,
suggesting that cells previously classified as monocular may encode information from both eyes through facilitatory or inhibitory
modulation. Our recent psychophysical work supports the idea that the human visual system is inherently binocular, even in the case
where one eye is occluded. However, other computational modeling efforts rely on the assumption that monocular channels can support
human perception. Our goal was to address the question of whether there is evidence for a purely monocular channel in human vision.
We hypothesized that if there is a purely monocular visual channel, it would be able to provide some independence from the effects of
noise in the fellow eye in a dichoptic noise masking paradigm. We employed a dichoptic noise masking detection task. In a two-interval-
forced choice (2IFC) paradigm, the subject’s task was to detect the presence of a Gabor patch target in the presence of an overlaid
dichoptically presented noise patch (bandpass 1/f noise) of increasing contrast. Stimuli were displayed on a passive 3D screen. 10 levels
of noise mask contrast, ranging from 10% to 100% were tested. We observed that the detection threshold in one eye monotonously
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increases as a function of the mask’s contrast in the other eye without showing any region of signal/noise independence, suggesting the
absence of a purely monocular channel subserving contrast detection.
Acknowledgements: Research Institute of McGill University Health Centre (RI-MUHC).
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Testing Limits of Ensemble Perception
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Visual scenes are too complex to immediately perceive all their details. As suggested by Gestalt psychologists, grouping similar scene
elements expedites evaluating scene gist. Ensemble perception efficiently represents similar objects, overcoming processing, attention
and memory limits. Observers are better at perceiving image set means than remembering presence of set members. Ensemble
perception occurs explicitly, when observers judge set mean, and automatically, implicitly, on-the-fly, trial-by trial, when engaged in an
orthogonal task. We are studying ensemble perception phenomena, testing limits of temporal integration. We present 10 circle or line
images in RSVP (rapid serial visual presentation) sequence with variable SOA (stimulus onset asynchrony), followed by a 2-AFC (2-
alternative forced choice) test (seen vs. new images) measuring memory of their size or orientation, determining speed (for brief SOA)
and period (for long SOA) of efficient integration forming a mean. Another series of experiments used the classic Deese—Roediger—
McDermott (DRM) paradigm. We present 8 images in RSVP sequence, with or without their central prototype, followed by a screen of 8
images, some seen, some new, including a prototype; participants mouse-clicked images they judged were present in the sequence. In
both experiments, participants tended to choose test images closer to the mean or prototype. In the first experiment, this tendency was
gradually reduced for very long SOA. In the second, the tendency was reduced for later clicks. We conclude that, while found for a broad
spectrum of stimuli and presentation modes, ensemble perception still has its limits.

Acknowledgements: Israel Science Foundation (ISF).
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Testing the Proportional Rate Control: Drivers use Different Proportional Rate Values when Braking Capability Changes

Didem Kadihasanoglu?, Rabia Barin Adsiz!, Irmak Oztan?, Cansu Karabek?, Xiaoye Michael Wang, Geoffrey P. Bingham

Tobb University of Economics and Technology (TR)

Proportional rate control for visually guided braking offers a range of proportional rate (PR) values that, when held constant, could result
in successful braking. Choosing a different PR value within this range only affects the timing of the approach. This flexibility makes
proportional rate control more robust to perturbations that constrain and/or change our action capabilities. When the braking capability
changes (as in the case of when driving from a paved road onto an unpaved road), a driver can still achieve soft contact with a target by
using a different PR value. The present study tested the proportional rate control by manipulating the strength of the brake. Participants
were presented computer-generated displays simulating an approach along a linear path to a target and were asked to stop as close as
possible to the target by using a foot pedal as brake. The maximum deceleration allowed in the strong, medium, and weak brake
conditions were 4.8 units/s?, 3.6 units/s? ve 2.4 units/s?, respectively. The main effect of the brake strength on the mean PR values during
approach was found to be significant, F(2, 54) = 8.027, p < 0.001, n? = 0.229. Bonferroni adjusted pairwise comparisons revealed that the
mean PR values in the strong brake condition (—5.28, SD = 1.68) were significantly higher than those in the medium (—6.63, SD = 1.43)
and the weak (-7.12, SD = 1.34) brake conditions. The mean PR values in the medium brake conditions were not significantly different
from those in the week brake condition. The results indicate that when braking capability changes, people use different PR values to stop
successfully at the target, providing evidence for the flexibility of the proportional rate control.

Acknowledgements: This work was supported by the Scientific and Technological Research Council of Turkey (TUBITAK, Project no:
121K255).
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Reliability of static visual field assessments in children with cerebral visual impairment (CVI)

Jannet Philip!, Nomdo Jansonius?, Bianca Huurneman?, Nienke Boonstrat®

IRoyal Dutch Visio (NL), ZUniversity medical centre Groningen (NL)

Purpose: Visual field (VF) assessment is a key diagnostic tool in cerebral visual impairment (CVI). Performing a VF test in children with
CVl is difficult, related to, e.g., test duration. Glaucoma tendency oriented program (GTOP) can be used for a quick VF assessment in CVI
children. Determining if a GTOP test result is reliable is difficult, as the standard reliability indices as used in adults (false positive and
negative responses) seem to flag too many VFs as unreliable in children with CVI. Aim of the study was to assess the reliability of GTOP
in children with CVI using alternative reliability criteria. Methods: 45 children with CVI, median (IQR) calendar age 11 (9-14) years, 39%
girls, underwent a VF test with GTOP in Octopus 900. Reliability for GTOP requires false positive and false negative responses each not
exceeding 25%. We used the following alternative reliability criteria: i) blind spot correctly detected, ii) no trigger-happy or fatigue defect
curve pattern, iii) no rim or lid artifact, iv) duration < 5 minutes, v) defects in corrected probability plot not exceeding defects in probability
plot, and vi) no examiner’s remark indicating poor performance. A score of 1 (yes) or 0 (no) was given for each criterion, resulting in a
score between 0 and 6. Results: We analyzed 87 eyes of 45 children. Median test duration was 3.1 (2.4-3.3) minutes. Percentages of false
positive and negative responses were 33 (0-67)% and 0 (0-25)%, respectively; 64% of the VFs were formally unreliable. Median score of
the alternative reliability criteria was 6; only 17% scored below 5. Conclusion: Children with CVI have a high number of false positive
responses, possibly related to low developmental level and a lack of inhibitory control. Our alternative reliability assessment suggests
that many of these apparently unreliable VFs may contain useful information.

Acknowledgements: This study has received funding from the European Union’s Horizon 2020 research and innovation programme under
the Marie Sklodowska-Curie grant agreement no 955590.
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Eye movements evoked by binaural monopolar galvanic vestibular stimulation

Alba Langlade, Elisa Dabin, Simon Martinoli, Alexandra Séverac Cauquil®
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Galvanic vestibular stimulation (GVS), artificially activating the vestibular system, is increasingly used in perception and neuroimaging
research. Even if its mode of action is more and more understood, some features remain unknown, and since the vestibular apparatus
is highly linked to the oculomotor function, eye tracking could be a valuable tool for mastering GVS. Eye response to galvanic vestibular
stimulation in its usual configuration, that is bilateral bipolar, consists of a torsion in the direction of the anode, plus a “skew eye
deviation” and a weak horizontal movement towards the anode. The direction of this response is similar to that of the postural response
and is compatible with GVS inducing an apparent dynamic roll-tilt of the head towards the cathode. In the present study we investigated
binocular eye movements induced by another GVS configuration: binaural monopolar. In that case, the vestibular stimulation triggers a
body response in the anteroposterior plane and activates a specific cortical network. We hypothesize that binaural monopolar GVS
induces either vertical or vergence eye movements, or both, consistent with the mimicking of a pitch-tilt. Subjects with normal or
corrected to normal vision were included in the study. GVS was delivered from 2 stimulators through disposable electrodes stuck over
the mastoid and C7 cervical bone. Two-s pulses were delivered at three GVS intensities: 0.4, 0.6 and 0.8 mA, randomly distributed.
Binocular eye movements were recorded using a video-based eye-tracker sampling at 1000 Hz. The possible influence of a fixation cross
was also assessed. Qualifying and quantifying the ocular response to anteroposterior GVS will first allow us to infer the neuronal network
involved and also offer perspectives of using the GVS-evoked eye deviation as an easy to get and precise biomarker of vestibular function.
Acknowledgements: funded by ANR, French research agency.
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Material and weight influence perceived value of novel objects in visuo-haptic interactions
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Perception does not only include discriminative, but also affective and evaluative processes, which then can inform decision-making. A
number of marketing-oriented studies showed that weight and packaging material of specific products, such as wine, coffee or a torch,
affect the assumed utility or acceptable price for that product. Here, we asked from a theory-driven perspective how these properties
would affect perceived value of objects in general, independent of specific products. For that purpose we created 27 novel, unfamiliar
objects, that varied in material (metal, wood, plastic), shape (triangle, square, hexagon) and relative weight (light, normal, heavy). Objects
had a diagonal of around 100 mm, were 20 mm high and had a circular hole of ~30 mm diameter in their middle. Normal-weight objects
were solidly made out of the visible material; light and heavy objects were manipulated to be ~45 % lighter or heavier than the solid ones
while still having the same centre of gravity. Participants lifted each object once, and judged it on visual analogue scales according to
different adjectives covering a representative set of evaluative, affective and sensory ratings—while holding the object in their hands.
Using confirmatory factor analysis, we constructed a score for perceived value, based on equally weighted ratings from 4 adjectives
(“wertig”, “hochwertig”, “minderwertig”, “authentisch”). This value score was strongly influenced by the material, modified by the
relative weight—but not by shape. Metal and wood objects were perceived as of higher value than plastic objects. The perceived value
was the higher the higher the relative weight—in particular for metal, and less so for plastic. Overall, our results suggest that the
interaction between visually accessible material and haptically perceived weight shapes perceived value independent from a specific
product.

Acknowledgements: Deutsche Forschungsgemeinschaft (DFG, German Research Foundation, https://www.dfg.de/) — project number
222641018- SFB/TRR135 A5, and-project no. 502774891-ORA project “UNTOUCH”.
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When we observe a moving object, our perception and judgements of specific positions of that object are subject to biases. A frequent
finding is that the final visible location of that object is perceptually shifted in motion direction — called the ‘representational momentum’.
Another spatial bias is called the ‘tau effect’. It shows that we misjudge spatial distances based on temporal features, for instance, the
time gap between the presentation of two objects whose spatial distance is judged. Importantly, both effects have been explained by
the same underlying mechanism, namely a speed prior impacting our motion prediction. If the same underlying factor causes both
effects, participants who show a larger representational momentum should also be more biased in the tau effect. We aimed to
experimentally test this proposed association by comparing these spatial biases in the same sample. In both tasks, we presented a black
dot on a touchscreen. The dot ‘moved’ intermittently across five locations from left to right or right to left. Participants either had to
localize the remembered final position (representational momentum) or intercept the predicted fifth location after four presentations
(tau). We tested over 60 participants in both tasks and correlated i) their general tendency to overshoot and ii) the impact of temporal
manipulations on their bias. We found two moderate correlations, showing that the two biases i) are related across participants and ii)
are similarly impacted by temporal manipulations. These results indicate a shared mechanism that might drive both the representational
momentum, as well as the tau effect. Future studies might reveal whether additional biases can be explained by a shared factor and
whether a (slow) speed prior can account for these effects.

Acknowledgements: The Adaptive Mind Research Cluster funded by the Hessian Ministry of Higher Education, Research, Science and the
Arts; Institute for Cognitive & Affective Neuroscience (ICAN), University of Trier, Germany.
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Analysis of gaze patterns when using progressive lenses during visual acuity measurements at different distances

Amelia Gonzélez?, Pablo Concepcién?, Clara Benedil, Carmen Cano?, Marta Alvarez?, Jose Miguel Cleval, Eva Chamorro?
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The statistics of saccades and fixations are indicators of the efficiency of a visual task such as reading: shorter fixation and saccade time,
smaller number of fixations, and smaller total saccade amplitude indicate a more efficient reading pattern. Characterizing these eye
movements during a reading task while using different Progressive Power Lens (PPL) designs would improve the understanding of the
eye-lens system and consequently aid in refining the designs. In this study we analyze different eye movement parameters when subjects
perform a VA test utilizing eye-tracking technology. The study involved 27 participants on a prospective observational double-masked
study. They undertook both near and distance VA tests using three pairs of Free-Form lenses: Endless Steady Balance, Endless Steady
Near and Endless Steady Distance (IOT,S.L.). Participants were asked to read Sloan optotypes at 37 cm and 5.25 m, arranged in isolated
lines of 6 letter each. The pupil position was recorded with an eye-tracker (ET; Tobii Pro Glasses 3, Sweden). The eye movements analyzed
were Fixation time, Saccade time, Number of fixations, and Saccade amplitude. The findings revealed that participants spent less time
on fixations (p-value<0.05), also on saccades (p-value<0.05), required fewer fixations (p-value<0.05), and made shorter saccades (p-
value<0.05) when using the distance-specialized PPL design (Endless Steady Distance) during the distance VA test. Similarly, in the near
VA test, employing the near-specialized PPL design (Endless Steady Near) yielded comparable results with less time spent on fixations
(p-value<0.05), on saccades (p-value<0.05), fewer fixations (p-value<0.05), and shorter saccade distances (p-value<0.05). The results of
this study show that a distance-specialized design provides a more efficient gaze pattern at distance whereas the near-specialized design
improves efficiency for near vision. In conclusion, the analysis of fixation and saccadic characteristics correlate with the PPL power
distribution, and therefore can be a guide for more efficiently design progressive lenses.
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Boosting transfer in perceptual learning using transcranial random noise stimulation
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Perceptual learning is the process by which performance in a perceptual task is enhanced through repeated practice, leading to long-
term improvements that are likely to originate from neuroplasticity in the cortical sensory areas that support the trained function.
Transcranial random noise stimulation (tRNS) is a non-invasive brain stimulation technique that has emerged as a potential enhancer of
sensory processing through the increase of cortical excitability and neuroplasticity. This protocol employs fluctuating currents randomly
spanning a broad range of frequencies and amplitudes. The mechanism underlying the effects of tRNS on vision potentially involves
stochastic resonance, a phenomenon whereby the random noise introduced in cortical visual areas can boost their signal processing
capabilities. This enhancement in sensory processing could in turn facilitate improvements in visual tasks that gain from training. As
orientation represents a basic visual attribute to which the early visual system is particularly sensitive, orientation discrimination tasks
have been employed in classic paradigms to shed light on the properties and dynamics of perceptual learning. We used an orientation
discrimination task to assess whether performance benefits achieved through training could occur more rapidly with tRNS compared to
sham stimulation. Additionally, we investigated if such benefits could transfer to retinotopic locations and orientations beyond those
explicitly trained. Participants with normal or corrected-to-normal vision were randomly assigned to receive either tRNS or sham
stimulation across multiple training sessions. The ten-day study protocol included a baseline assessment on the first day, followed by
eight days of training on a single combination of locations and orientation, and a final test session on the last day. The variability observed
in individual results provides insights into the mechanisms of perceptual learning and their implications for the application of tRNS in
interventions aimed at rehabilitating low-level visual functions in patients.
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Individual differences in colour vision and their impact on perceived characteristics of food
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Colour appearance of food conveys information about material properties that may guide food-related behaviour, yet individual factors
including colour vision characteristics may influence this relationship. For example, the greenness of a banana may signal unripeness and
therefore inedibility to some, but not to others with lower sensitivity to colour differences. In a previous study involving participants with
confirmed normal colour vision (NCV), we found significant correlations between colour appearance and perceived sweetness, freshness,
nutritive value and appetisingness for artificial fruits presented under changing near-metameric illumination. Here, we examine whether
similar associations occur for participants with colour vision deficiencies (CVDs). The experiment was conducted in a white-walled
lightroom illuminated solely by spectrally tuneable lamps. Following 60-seconds adaptation to a neutral-chromaticity reference
illumination (~D65), participants (N = 28, aged 18-26 years; NCV: 8 males; CVD: 10 males; 4 dichromats, 6 anomalous trichromats) viewed
different instances of four real fruits (banana, orange, red apple, pear) across successive 60-second trials, interspersed with 10-second
dark intervals. On each trial, a single fruit appeared under one of its three selected illuminations (all near-metameric to D65), each
generating a distinct fruit colour appearance against a constant background. Participants viewed the fruit freely, while rating nine
characteristics (appetisingness, flavour intensity, sweetness, ripeness, freshness, nutritive value, naturalness, juiciness and firmness) on
a Likert scale. Subsequently, participants completed a behavioural habits questionnaire and underwent comprehensive colour vision
testing, including anomaloscopic examination. Preliminary findings for banana and pear reveal that participants with NCV and CVD show
similar trends for the effect of changing hue on all characteristics, apart from ripeness. Notably, hue significantly affects perceived
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nutritive value and naturalness for banana, and appetisingness for pear in both NCV and CVD groups. Investigation continues into the
influence of specific colour vision phenotypes on the relationship between colour appearance and perceived fruit characteristics.
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Unseen yet recognized: unconscious processing of upright and inverted Mooney faces

Michael Makoto Martinsen?, Hirotaka Senda?, Hideki Tamura?, Tetsuto Minamil, Shigeki Nakauchi?!
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Previous studies have indicated that upright faces and specific objects receive preferential processing even without conscious awareness.
This study extends these findings by exploring the perceptual prioritization of ambiguous stimuli, specifically utilizing “Mooney faces.”
Our experimental setup involved the use of continuous flash suppression (CFS), a psychological technique that masks visual stimuli with
rapidly changing masks. We presented both upright and 180° rotated Mooney faces to participants who were unaware of the stimulus
presentation. The experiment was conducted with 22 participants using a Varjo Aero head-mounted display, which flashed dynamic
masking stimuli at 10 Hz while recording gaze data for subsequent analysis. The experimental protocol required participants to (a) localize
the stimulus (4 quadrants), (b) determine its orientation (upright or inverted), and (c) report perceptual awareness (not visible, brief,
partially, completely visible). Our analysis focused exclusively on trials where participants responded, “not visible.” A one-sample t-test
for each orientation condition revealed that, despite the complete suppression of the Mooney faces, participants could localize upright
stimuli significantly above chance levels; however, detecting inverted stimuli did not reach statistical significance, suggesting a preference
for processing upright stimuli. Moreover, the calculated saccadic index—representing the differential proportion of saccades directed
towards the target—remained significantly positive for both stimulus conditions, indicating a consistent saccadic preference toward the
stimulus location regardless of conscious perception. In summary, our findings demonstrate a significant, consistently positive saccadic
index and accurate localization of upright stimuli. This suggests an advanced processing mechanism beyond simple visual processing that
enables our unconscious system to detect upright ambiguous stimuli.

Acknowledgements: This work was supported by JSPS KAKENHI (This work was supported by JSPS KAKENHI, Grant Numbers JP22K17987,
JP20H04273, and JP20H05956), the establishment of university fellowships towards the creation of science technology innovation, Grant
Number JPMJFS2121.
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Comparing Shape Distortion in Frame Effect and Flash Grab Effect
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Objects can often appear at a different location than they actually are when they are in the vicinity of motion (such as in flash grab effect)
or inside another moving object (such as in frame effect). Recent research has shown that motion not only shifts the perceived position
of nearby flashed objects but also distorts their perceived shape. A recent study demonstrated that a flash grab stimulus, known for
inducing significant position shifts, also caused substantial distortions of canonical object shapes. Here we ask whether the frame effect,
which can induce position shifts up to three times larger than the flash grab effect, similarly distorts object shapes. To investigate this
hypothesis, we conducted experiments where participants adjusted the vertical component of a "T" shape object until it appeared
symmetric. The "T" shape was flashed onto one of five stimuli that spanned a continuum from a flash grab stimulus to a frame effect
stimulus. These started with a rotating annulus which across the other four conditions unfolded into a translating frame. Our findings
revealed that the amount of shape distortion induced by the frame effect was approximately half that of the flash grab effect. Besides
the dissociable speed profiles of these two effects, this result highlights yet another distinction between the flash grab effect and the
frame effect, suggesting separate underlying mechanisms.
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Feedback of self-action enhances visual time estimation when performed together.

Elise Abou Mrad?, Louis Garcial2, Joseph Tisseyre?, Sylvain Cremoux!

ICentre de Recherche Cerveau et Cognition (CerCo) (FR), 2Toulouse Neuro Imaging Center (TONIC) (FR)

In everyday life, visual time estimation is an essential ability to predict the future position of moving objects temporarily hidden from
view. Studies suggested that visual time estimation is biased during the execution of motor action, but others suggested that it can be
facilitated. Additionally, visual feedback of motor action improves precision and control, enabling continual error correction between
the response and the action. This research investigated how visual feedback of motor action can alter visual time estimation using a
prediction motion task. To this end, 34 participants had to judge whether an occluded object had reappeared earlier or later than
expected in two different conditions: a visual condition (VIS) and a visual condition with motor action (VISMOV). Motor action consisted
of tracking object motion through an elbow extension. Participants were separated into two different groups depending on whether
they received visual feedback (FB) or no feedback (No-FB) on the motor action during the VISMOV condition. An ANOVA Group (FB, No-
FB) x Condition (VIS, VISMOV) was performed on the accuracy and precision of the psychometric curves separately for each condition
and each participant. We demonstrate that adding a motor action with associated visual feedback in VISMOV condition can improve our
temporal judgment abilities, specifically by improving participant precision (F (1, 28) = 6.752, p = 0.015, n?p = 0.195). Unexpectedly,
motor action without visual feedback had no discernible effects on participant judgment, neither on accuracy (t (13) = -1.460, p = 0.168)
nor on precision (t (13) =-0.051, p = 0.960). In order to understand the results in detail, we aim to examine the effect of subject tracking
performance within the feedback condition. Specifically, this involves comparing the difference between the position of their
arm/feedback to the target's position on the screen in relation to temporal judgment performance.
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Exploring Image Aesthetics with Machine Learning: Insights from Explainable Al

Derya Soydaner?, Johan Wagemans?

1KU Leuven (BE)

We present a diverse set of machine learning (ML) models for aesthetics research, alongside the introduction of explainable Al (XAl). Our
models include Random Forest, XGBoost, Support Vector Regression (SVR), and Multilayer Perceptron, providing the first comparative
analysis of various ML models in computational aesthetics. These models leverage aesthetic attributes to predict the aesthetic scores of
images. Additionally, for the first time in this field, we apply the popular XAl technique SHapley Additive exPlanations (SHAP) to enhance
model interpretability. SHAP clarifies the importance of features by assigning ‘SHAP values’, which are derived from game theory,
indicating their contributions to the model predictions. We implement our methodology on the Aesthetics with Attributes Database
(AADB), providing insights into the roles of attributes and their interactions. Our results show that all ML models perform well on the
AADB dataset, with SVR slightly outperforming the rest. Applying SHAP analysis to the SVR model revealed that the ‘content’ attribute is
the most influential feature in predicting overall aesthetic scores, followed closely by ‘object emphasis’ and ‘color harmony’. These top
features include two high-level and one mid-level attribute, a finding that is consistent across SHAP analyses of other ML models. This
approach naturally raises the question: Why would we prefer these ML models over linear regression, a standard in psychological
research? In response, we present linear regression results and discuss scenarios in which alternative ML models are more suitable. We
highlight the benefits of SHAP analysis and examine the implications of interpreting linear regression results, especially when they fail to
meet linear regression assumptions, which can potentially lead to incorrect conclusions. Our ML models, free from strict assumptions,
can handle non-linearity and feature interactions. Overall, by employing multiple models and systematically analyzing results with SHAP,
we establish both a reliable interpretation and a straightforward approach.
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Simulation-based Investigation and Mitigation of Visual Discomfort in AR/VR Environments

Alice Sansalone?, Andrea Canessa?, Agostino Gibaldi?, Gerrit Maus?, Silvio Sabatini!

1University of Genoa (IT), 2Magic Leap Inc (US)

The proliferation of Virtual Reality (VR) and Augmented Reality (AR) technologies is expected to revolutionize various sectors of our
everyday life, from telepresence and tourism to education and healthcare, but also to have an impact in industrial applications like
manufacturing, architecture and engineering construction. However, to render this technology usable on a daily basis, faces a significant
challenge: the onset of discomfort experienced by users. Investigating and probing discomfort on devices is a complex issue due to the
interplay of numerous contributing variables and the difficulty in measuring or controlling them. To address this challenge, we present a
novel simulator developed within the Unity3D framework. It employs platform features, including using camera-captured images as
render textures and custom shader transparency control. This enables faithful replication of real-world 3D technology displays within
the virtual environment and allows the emulation of different configurations, such as immersive VR experiences, pass-through AR and
see-through AR, all while offering full and accurate control over rendering parameters. This versatile simulator is compatible with a range
of platforms, from 3D monitors to Head-Mounted Displays and aims at serving as a comprehensive tool for dissecting the complexities
of visual discomfort in AR/VR environments. Through selective manipulation, it enables a thorough assessment of different factors such
as time latency, optical distortion, and display alignment. To validate its utility, we conducted a pilot study on tolerable vertical
misalignment of displays in a simulated see-through environment. Our findings closely resemble previous research outcomes reported
in the literature, confirming the usability and effectiveness of the simulator. In conclusion, this innovative simulation tool proves to be a
functional asset in the quest of investigating and quantifying visual discomfort in AR/VR settings. In addition, such a controlled
experimental environment may facilitate the exploration of potential solutions and mitigations for seamless and immersive AR/VR
interactions.
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Exploring the relation of locomotion patterns and visual disease: insights from deep-learning analysis

Safa Andac?, Yaxin Hu?, Khaldoon O. Al-Nosairy3, Rosalie Beyer3, Hagen Thieme3, Erhardt Barth?, Michael B. Hoffmann3
10tto-von-Guericke University (DE), 2Institute of Neuro- and Bioinformatics, University of Libeck (DE), 3Section for Clinical and
Experimental Sensory Physiology, Ophthalmic Department, University Hospitals Magdeburg (DE)

Background: Falling risk among elderly is a significant concern, especially in visual diseases, such as glaucoma, a leading cause of
irreversible blindness. Here we used an innovative approach to investigate this topic, i.e. the assessment of temporal information from
videos of treadmill-walking participants (glaucoma vs controls) with deep-learning methods. Methods: To explore gait dynamics, we
utilized videos of treadmill-walking participants with glaucoma (n=18, aged 62-82 years) and age-matched healthy controls (n=30, aged
64-83 years) from a previous study, which reported a similar effect of locomotion on visual function for both groups (Beyer et al. 2023).
In those videos, participants engaged in treadmill walking during tests of visual function performance, both in static and dynamic
conditions at 3.5 km/h walking speed. Participants were classified based on: i) clinical diagnosis of glaucoma, and ii) retinal structures
(optical coherence tomography, OCT). This allowed for a multifaceted gait examination. Subsequently, deep-learning models were
trained for classification by using spatio-temporal horizontal (xt) or vertical (yt) slices, sampled with a strategy based on saliency, instead
of using just spatial frames (xy). Results: Our study revealed similar movement patterns in glaucoma and controls possibly attributed to
the early nature of visual impairment in the disease group of our study. However, the model trained with horizontal slices showed
differences of groups based on the OCT classification with about 80% accuracy. Moreover, this difference was also evident during the
static condition. Conclusion: The absence of a group-difference in the current analysis mirrors the previously reported absence of a
differential effect of locomotion on visual function in the same participants. Interestingly, an OCT-based participant classification appears
to be supported by information from the locomotion videos. Overall, our study provides a novel approach on gait assessment, offering
insights on the interaction between visual impairment, retinal structure and locomotion.
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Detecting objects in noise: signal pooling within and across objects

Gunter Loffler?, Gael Gordon?

1Glasgow Caledonian University (UK)

The proportion of signal elements required to detect a global signal in noise was measured to examine how local orientation information
is pooled within and across object regions. Stimulus arrays comprised oriented Gabors (N=400) positioned randomly in a 20x20 lattice.
Orientations determined whether elements were signal or noise. Circular signal regions were defined within the array and were nominally
subdivided into circumferential elements (‘contour’) and ‘texture’ elements (positioned randomly within). Signal Gabors for ‘contour’
had orientations tangential to a circle; ‘textures’ had orientations either ‘radial’ to the centre of the disc or perpendicular to it
(‘concentric’). Displays contained one type of signal (e.g. ‘radial texture’ or ‘contour’), a combination of two (e.g. ‘radial texture’ enclosed
by ‘contour’ forming a ‘disc’) or multiple regions (e.g. four ‘texture’ regions). Threshold sensitivity was measured as the minimum number
of signal elements for detection. For single signal regions, thresholds increased with area following a power-law relationship for ‘texture’
and ‘disc’ but remained constant (~9 elements=2.5% SNR) for ‘contours’. Sensitivities for ‘contours’ were between two (8.7 ‘contour’
elements vs 17.0 ‘texture’ for 1.9deg radius) and three (9.2 vs 31.5 for 5.7deg) times lower than for ‘textures’. Manipulating presentation
time affected all conditions equally: thresholds improved by about 50% between 24 and 250ms, then asymptoted. Spreading signals
across four regions increased the number of elements at threshold by factors of 2.7, 2.9 and 2.3 for ‘contour’, ‘texture’ and ‘disc’.
Increasing the area of single regions, however, raised thresholds only by 1.0x, 1.7x and 1.6x. Sensitivities were largely independent of
the separation of signal regions. Results are consistent with variable pooling efficiency: highly efficient summation when signals are
positioned within annular regions (‘contours’); efficient summation within circular regions and least efficient across regions. Comparing
data with predictions of signal integration models provides insight into underlying computational strategies.
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The role of expertise and training in suppressing task-irrelevant sensory input

Sebastian Frank?, Antonia Wittmann?, Ayumi Wandl?, Ekaterina-Rita Hegmann?, Sinah Wiborg?!, Markus Becker?!

1University of Regensburg (DE)

It would be adaptive to attentively process as many sensory inputs as possible in order to get a detailed impression of the environment.
However, attentional resources are limited and attentive processing must be prioritized for sensory input relevant to a given task. This
may result in attention suppressing the processing of concurrent task-irrelevant sensory input in order to shield the processing of task-
relevant input from distracting stimuli. However, how are task-relevant and task-irrelevant sensory inputs processed in participants with
high attention skills? Such “attention-experts” might either be very good at suppressing task-irrelevant sensory input, or they might have
sufficient resources to process task-relevant and task-irrelevant sensory inputs simultaneously. Here, we tested which of these two
hypotheses applies to experts in the attentive tracking of independently moving visual objects. Previous results with non-experts showed
that attention suppressed the processing of task-irrelevant vestibular motion cues in the parieto-insular vestibular cortex (PIVC), a core
area of the vestibular cortex, while performing a visual multiple object tracking (MOT) task with high attentional load. Using functional
magnetic resonance spectroscopy, we found that experts in visual attentional tracking (n=15) exhibited low levels of gamma-
aminobutyric acid (GABA) (i.e., weak suppression) in PIVC while performing MOT with high attentional load. This is consistent with the
hypothesis that experts have resources to simultaneously process task-relevant and task-irrelevant sensory inputs. To test whether non-
experts can achieve a similar level of suppression of task-irrelevant sensory input as experts, we measured non-experts (n=20) who
underwent behavioral training leading to expert-like performance in MOT. The results showed that GABAergic suppression in PIVC
decreased to levels similar to experts after training compared to before training. Taken together, this suggests that attentional expertise
is associated with a greater ability to simultaneously process task-relevant and task-irrelevant sensory inputs, rather than better
suppressing the irrelevant input.

Acknowledgements: Deutsche Forschungsgemeinschaft (DFG): Emmy Noether Programm: 491290285; Universitat Regensburg: UR
Fellows Programm; Julitta und Richard Miiller Stiftung.
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Whac-A-Mole - Learning Rational Temporal Eye and Head Movements in Virtual Reality

Benedikt Kretzmeyer!, Meaghan McManus?, Constantin RothkopfZ, Katja Fiehler?!
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In 2016, Hoppe and Rothkopf demonstrated in a monitor-based experiment that people adaptively adjust their eye movements based
on learned temporal regularities of an environment. In a conceptual replication, we conducted a virtual reality study and expanded on
their task by incorporating head movements alongside eye movements as an additional requirement to solve the task. There were two
event locations, situated to the left and right of the participants. Their objective was to detect a mole that appeared randomly at either
event location after a randomized duration. Depending on the condition, event durations on both sides were varied, with moles
appearing for either 0.5 (short), 2.5 (medium) or 4.5 seconds (long). Employing a block design consisting of 20 trials per block, participants
were exposed to all possible combinations of event durations. For instance, in a long-short block, moles appearing on one side always
lasted a long duration, while disappearing quickly on the other side. We expected participants to learn and adapt to the temporal
regularities within each block, leading to increased fixation times at event locations with shorter durations and decreased fixation times
at locations with longer durations. This strategy would optimize mole detection while minimizing effort caused by head and eye
movements. We tested 30 participants in three versions of the experiment, providing minimal instructions (n = 10), detailed instructions
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hinting to a strategy based on event durations (n = 10), and additional monetary rewards (n=10). In line with Hoppe and Rothkopf we
found increased detection performance with longer presentation times. However, we only found the expected adjustments in fixation
times in four participants. Our results suggest high individual variability in head movements and fixation behavior that may depend on
the event duration times, the experimental environment, and other experimental properties, which we will investigate in future
experiments.

Acknowledgements: The Adaptive Mind, funded by the Hessian Ministry of Higher Education, Research, Science and the Arts.
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An active inference account of the formation of visual preference
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Although many of our behaviours and choices are guided by our preferences for certain experiences or stimuli over others, our
understanding of how these preferences develop and are established remains elusive. Here, we investigate several possible mechanisms
for the formation of visual preferences within the framework of active inference. Active inference proposes a unified framework on
adaptive behaviour, suggesting that learning, perception and action interact to reduce the gap between an organism's current state and
adaptively optimal states, which is measured using the notion of surprise. Within this framework, we show that the imperative of
reducing surprise and achieving rewarding states (hedonic foraging) leads to the development of visual preferences. Specifically, we
illustrate how active inference elucidates the mechanisms by which mere exposure (the repeated presentation of stimuli) and efficient
coding (optimizing information content while minimizing metabolic costs) contribute to the development of visual preferences. We
further explore the connections with both developmental (ontogenetic) and evolutionary (phylogenetic) processes. To illustrate these
findings, we consider the example of preference for scale-invariant visual stimuli—e.g., a portrait with the Fourier statistics of natural
scenes even if the model face is not scale-invariant. We also demonstrate how preferences can be reversed when the relative frequency
of exposure is altered, particularly when exploratory behaviour is encouraged by heightened curiosity. Together, our work suggests that
core biological adaptive mechanisms common to all organisms (e.g., homeostasis) may underpin the formation of preferences for simple,
everyday objects to sophisticated cultural objects.

Acknowledgements: This publication is part of the R+D+l grant PID2020-118254RB-100 financed by MCIN/AEI/10.13039/501100011033,
by the Agencia de Gestié d’Ajuts Univesitaris i de Recerca (AGAUR) through 2021-SGR-01470, and the CERCA Programme/Generalitat de
Catalunya.
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Explaining the Disparity Sensitivity Function with Natural Image Statistics
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The human perception of depth and 3D shape from binocular disparity depends upon multiple mechanisms, including neurons responsive
to absolute and to relative disparities. These mechanisms show tuning to disparity variations at a range of spatial scales, which we refer
to here as disparity frequencies. Analogous to the perception of luminance-defined stimuli, this tuning is commonly referred to as the
disparity sensitivity function. To examine how such disparity frequency tuning supports perception, we measured disparity sensitivity
functions for different disparity-defined waveforms both with and without additive Gaussian distributed disparity noise. Participants
were presented with random-dot stereograms containing disparity-defined sinusoidal, square, triangular, and sawtooth waves in a 2-
alternative-forced-choice orientation discrimination task, where participants were asked to judge whether the waveform was oriented
clockwise or counter-clockwise from vertical. Disparity amplitude was varied using a weighted up-down staircase to obtain discrimination
thresholds for disparity frequencies between 0.4 and 2.5cpd. Peak sensitivity for all waveforms was around 1cpd, with square, triangular,
and sawtooth waves exhibiting an increased drop-off in sensitivity at higher disparity frequencies, compared to sinusoidal waves. This
decrease in sensitivity is also evident in high-noise thresholds, where square, triangular and sawtooth waves show reduced processing
efficiency at upper and lower ends of the disparity sensitivity function. We relate these results to the disparity statistics of natural scenes,
showing how such statistics can be used to recover the tuning properties of populations of relative disparity and disparity frequency
selective neurons, providing an efficient coding account of human disparity frequency sensitivity.
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Experimental design and stimulus duration selectively modulate repulsive and attractive history effects

Mert Can?, Thérese Collins?2

1Université Paris Cité (FR), 2CNRS (FR)

The prevalence of attractive (i.e., serial dependence) and repulsive (i.e., adaptation) effects may depend on affordances provided by
experimental designs and task types. When subjects need to differentiate a stimulus feature from its predecessors, the visual system
may become sensitive to that feature, resulting in repulsed perception. Conversely, when subjects need not differentiate among stimulus
features, the visual system may become less sensitive, resulting in attracted perception and leading to erroneous continuity between
sequential features. We hypothesized that attractive and repulsive effects could be modulated by asking subjects to respond to each
stimulus or the second stimulus in a sequence of two. Moreover, these effects may vary depending on the type and nature of the
response. To test these hypotheses, subjects participated in four experiments that varied the experimental design (i.e., trials having
either one or two stimuli) and task type (i.e., subjects either freely adjusting a response cue or making a two-alternative forced choice).
In each experiment, stimulus durations varied between blocks to test whether stimulus duration modulated attractive and repulsive
effects. In all experiments, subjects responded to the orientation of a Gabor patch. Preliminary results show a prevalence of repulsion in
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both adjustment and forced choice tasks when subjects responded to the second stimulus in trials with two stimuli. Repulsion was absent
when the first stimulus duration was shorter than the second. In trials with one stimulus, attraction effects emerged along with repulsion
effects. However, it is not yet clear how attraction and repulsion were modulated by stimulus duration and task type in these trials. To
better understand the influence of these factors, subjective biases, orientation range, and duration between trials will be investigated in
the remaining data collection and analysis.
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Paradoxical 3-D vision from 2-D stimuli during recovery from third-nerve palsy: a striking new finding
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Introduction: Extensive studies in the recent past have enriched our understanding of the interaction of depth cues in human vision. The
present study describes a rare perceptual experience that challenges our understanding. Methods: These are the observations of a single
observer (first author: TVP) while recovering from third-degree palsy in the right eye: a condition that compromised eye movements and
produced diplopia. The condition improved steadily with full recovery around three months after onset. The observations were obtained
for brief time periods of several seconds at a time over a ten-day period that started two months after the palsy onset. TVP managed to
defeat diplopia during these brief periods by achieving proper fusion of the binocular stimuli. Results: Under proper fusion during these
brief periods, TVP reported 3-D percepts with vivid depth, while viewing either static planar images or video sequences on a flat TV
screen. These depth percepts, which were obtained when the same 2-D image was seen by the two eyes, were as vivid as those seen in
a pair of stereoscopic images created by a 3-D scene from two different vantage points. The perception of depth was most striking for
images with rich perspective cues, especially linear perspective. Conversely, depth percepts were not obtained with 2D stimuli that lacked
perspective cues, such as abstract paintings, drawings, random-dot patterns, and some TV video sequences. The vividness and three-
dimensionality was much more convincing than that observed with either synoptic or monocular viewing. In summary, stereoscopic
perception was obtained without binocular parallax! According to two neuro-ophthalmologists treating third-nerve patients, there were
no reports of such perceptual behaviour in their decades-long clinical experience. Conclusions: A possible explanation for this paradoxical
perceptual phenomenon is that the visual system overcompensated as a result of the two-month deprivation of binocular stereoscopic
input.
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Image memorability is not strictly visual

Diana Kollenda?, Sophie Halstenberg?, Ben de Haas?
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Some images are consistently remembered better than others. This inherent image memorability can be predicted surprisingly well by a
residual neural network which is sensitive to semantic image features (ResMem). Large-scale human data also suggests that memorability
is mostly driven by semantic features. This raises the question whether image memorability depends on visual features or at least in part
is independent of modality. Here, we tested whether the memorability of an image generalizes to its verbal description. We prepared
verbal descriptions of 160 scenes from the OSIE dataset, following a standardized protocol. We then tested the memorability of the
transcribed image descriptions in a separate sample of volunteers (n = 55). During an encoding stage, participants were tasked to classify
a subset of 80 descriptions as referring to outdoor or indoor scenes. In a subsequent surprise memory task, participants were presented
with the 80 target descriptions again, now intermingled with 80 additional lures. For each description, participants indicated whether
they had seen it during the preceding encoding phase or not. Half of the targets and lures were descriptions of images with low ResMem
memorability scores (0.64 +/- 0.04) and half of them descriptions of images with high predicted memorability (0.91 +/- 0.02). Recognition
sensitivity (d’) for descriptions was significantly higher when they were derived from images with high memorability (t = 7.66, p < 10-9).
This finding provides clear evidence that image memorability is at least in part modality independent. We plan to additionally explore
which features render image descriptions memorable and whether the effect can be observed in participants with congenital blindness.
Acknowledgements: This research was supported by ERC StG 852885 INDIVISUAL, Deutsche Forschungsgemeinschaft (DFG, German
Research Foundation) Project No. 222641018-SFB/TRR 135 TP C9 and “The Adaptive Mind,” funded by the Excellence Program of the
Hessian Ministry of Higher Education, Science, Research and Art.
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Reduced heart-rate variability (HRV) and negative attentional bias have been found in people with depression, but it is not clear if this is
the case for everyone with depression or only for those exhibiting a more pronounced tendency to use maladaptive emotion regulation
strategies. Set within Malaysia's culturally diverse context, our neuroscientific research aims to explore the influence of cultural and
societal norms on emotional regulation in depression, providing a comparative perspective against existing Western-centric studies. Our
investigation centres on two main objectives: Firstly, to analyse the eye movement patterns towards faces displaying various emotions
(i.e. neutral, happy, and sad) in depressed versus non-depressed individuals, by quantifying differences in fixation duration and fixation
count. Secondly, to elucidate the relationship between the negative attentional bias and both emotional regulation strategies and
autonomic arousal, as evidenced by heart rate variability (HRV). In this experiment, we measured resting-state electrocardiogram (ECG)
to record HRV as a baseline measure of autonomic arousal. Subsequently, participants performed the Attentional Response to Distal
versus Proximal Emotional Information (ARDPEI) task and the emotional face-matching task. This multifaceted approach enables a
deeper understanding of the cognitive and physiological mechanisms underlying depression. We predicted that depressive patients
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would exhibit an increased heart rate variability and a disengagement bias (i.e., spending more time fixated on negative facial
expressions) compared to control participants. This disengagement difficulty might be due to a heightened sensitivity to negative cues.
The outcomes of this study have the potential to revolutionise the approach to diagnosing mental health disorders such as depression.
Acknowledgements: IBRO-Wellcome Neuroscience Capacity Accelerator for Mental Health.
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Hand movements are critical in perceiving object properties through touch, and different movements are used to explore different
properties. For instance, we indent things to determine their softness, and we trace our fingers along their contour to learn about their
shape. In two experiments, we investigated how the material properties of objects affect the use of exploratory procedures (EPs) and
touch patterns during shape perception. In experiment 1, we recorded participants’ hand movements during shape perception, and the
movements were categorised into different EPs. In experiment 2, we recorded participants’ finger trajectory during exploration, and the
dwell time and velocity were compared across different shape features. In both experiments, the participants explored one reference
and two test objects with a single finger before selecting the test object that was most similar to the reference in terms of shape, and
the shapes were either deformable or rigid. The results showed that participants consistently judged shapes similarly across conditions,
suggesting that they were able to perceive shapes regardless of material properties. In experiment 1, we found that the use of EPs varied
depending on the material properties of the object being explored and that participants utilised additional EPs when exploring
deformable shapes. In experiment 2, we found that regardless of material properties, participants exhibited similar touch patterns across
conditions. This suggested that they may have given more importance to certain shape features as being more informative and relied on
them to form the basis of their similarity judgement rather than the overall shape. Overall, our findings suggest that individuals adapt
their exploratory strategies and touch patterns during shape perception, tuning them to specific material properties and task demands.
Acknowledgements: L.L. and K.D were supported by the Hessisches Ministerium fiir Wissenschaft und Kunst (HMWK; project ‘The
Adaptive Mind’), K.D. and K.D. were supported by the Deutsche Forschungsgemeinschaft (DFG, German Research Foundation) — project
number 222641018 — SFB/TRR 135, A5 & BS.
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Developmental Dyslexia (DD) is a neurodevelopmental multi-domain disorder affecting the ability to read fluently and accurately, with
an estimated prevalence of 1 out of 10 individuals affected worldwide. A large body of evidence has connected visual deficits of DD to
the magnocellular-dorsal (M-D) stream, which is involved in serial scanning of letters and visuo-spatial spatial attention, and would
putatively rely on beta-band activity (15-30 Hz). Nonetheless, the current gold standard for DD treatment are phonological trainings,
which aim to improve the ability to identify and process word sounds. Some visuo-attentional trainings have been proposed, but evidence
is still scarce and no studies have directly compared training outcomes of phonological vs. visuo-attentional approaches. Also, no studies
have tested the potential of beta-band neuromodulation in improving training efficacy. Here, we enrolled 37 young adults with DD, who
were randomly divided into three groups. One group (DD1) received a bilateral parietal B-tACS (18 Hz) along with a visuo-attentional
reading acceleration program (RAP), while the other two groups received Sham stimulation, one paired with RAP (DD2), and the other
with phonological training (DD3). We administered a neuropsychological battery before and after the 12 training sessions to assess
reading and related cognitive domains, with follow-up tests at 1- and 6-month. All groups showed increased reading speed after the
training sessions in standardized reading tests, with improvements lasting at 1 and 6-month follow-up. Particularly, in working memory
tests (digit span) we observed a specific improvement only in the tACS group compared to the other two groups, which persisted up to
6 months. These preliminary results suggest that visuo-attentional trainings have similar efficacy relative to phonological trainings in
ameliorating reading in DD. Notably, they also show initial evidence of the utility of parietal beta-tACS in improving neurocognitive
domains supporting reading.

Acknowledgements: This work received financial support from 'Fondazione Regionale per la Ricerca Biomedica' of the Region Lombardy
(Early Career Award Grant to L.R.; ID. 1751150).
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Foraging demands continuous attention to target objects and engagement in decision-making to facilitate correct selection. Frequently
used as a tool to study selective visual attention, analysis of human foraging behaviour is limited by the absence of precise measures of
decision-making, for scenes with multiple targets. Standard measures, such as run statistics, are constrained by target volume and
distribution, making it difficult to infer environmental aspects or delve into underlying cognitive processes. Continuous feature targets
present an additional challenge, despite their prevalence in naturalistic scenes — i.e., foraging for food items such as berries, wherein
items exist along a colour distribution and cannot be differentially categorized. In the current study, we apply a Bayesian multilevel
model, which characterizes foraging as a procedure of generative sampling without replacement. This allows us to break behaviour down
into biases that influence individual's target selection, such as target proximity, independent of the number of targets present. The model
is applied to data originating from a feature distribution learning study, which aimed to investigate the specificity of visual attentional
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templates — whether templates are tuned to probabilistic information, or specific feature value. The study involved a multi-target
foraging task, with target objects drawn from a truncated Gaussian distribution, sampled from a linearized colour space of 48 isoluminant
hues. The current model predicts which target participants will select, as well as explaining a substantial proportion of foraging behaviour
in this paradigm. The results suggest increased likelihood of selection for (i) more prevalent colour values in the scene (ii) items that are
close to the previously selected target, both spatially and in colour-space. By accounting for continuous feature values, we expand our
ability to analyse naturalistic foraging behaviours.
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Visual crowding is a well-known phenomenon where the recognition of a target is hindered by the presence of nearby distractors. This
has been investigated extensively in human psychophysical studies, but neural mechanisms are largely unknown. To address this gap,
we conducted a study to relate neuronal activity and behavioral performance, in a non-human primate model, during target
categorization in crowded displays. To establish a monkey model of visual crowding, we created a set of 2D amoeba-like shapes with
three or four prongs at a variety of sizes. Monkeys were trained to categorize a target shape based solely on prong number, while ignoring
the surrounding distractors. To engender effects of crowding, the target shapes were surrounded by distractors that varied in number
and their similarity to the target. Distractors were either amoeba-like shapes (like the target) or circles. Concurrently, we used a high-
density Neuropixels probe to record neuronal activity in area V4, an intermediate stage of the ventral visual pathway critical for object
processing. Mirroring human psychophysical findings, animal behavioral performance decreased gradually with more distractors.
Likewise, shape selective V4 responses (~70% of neurons, p < 0.05, one-way ANOVA) exhibited a decline in shape tuning correlation
between 'target alone' and 'target + distractor' with increasing number of distractors. However, when circle distractors (perceptually
groupable) were introduced, both behavioral performance and shape selectivity of individual neurons remained relatively robust even
amidst distractors. Furthermore, low dimensional representation of population neuronal data revealed that responses to 3 and 4 prong
shapes occupied distinct regions of the space facilitating their categorization. These results suggest that V4 population activity can
effectively discriminate various shape categories especially when the target is salient, and the behavioral decision in a shape
discrimination task may be made by decoding the collective activity of V4 neurons.
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We investigated the effects of illumination with an enhanced light with wavelengths of approximately 585nm on impressions of colors.
The author has been investigating the effects of wearing special glasses (posica (TM) sunglasses, Mitsui Chemicals) that attenuate light
waves of 585nm on colors. Our previous study found that these glasses made a variety of chromatic colors appear more vivid (Nishikawa
& Kitaoka, 2022). However, the colorimetric results only showed that the hue of many colors changed when light waves of 585nm were
attenuated. It is unclear why participants evaluated the colors as appearing more vivid. Therefore, to further investigate the effect of
light waves of 585nm, we researched impressions of colors when light waves of 585nm was enhanced and to compare them with the
effects of other light wavelengths. Ten students (five females, five males; M age = 23.8 years) observed a color checker chart (X-rite)
under five lighting conditions (standard illuminant D65, D65 with an enhanced light waves of 445, 520, 585 and 635nm). The results of
evaluation suggested that, especially under illumination with an enhanced light waves of 585nm, the vividness of chromatic colors was
greatly reduced compared to D65 and illumination with an enhanced light waves of 445, 520 and 635nm. Furthermore, for preference,
the evaluation of entire color chart, red, green, and white decreased under illumination with an enhanced light waves of 585nm. Light
waves of 585nm may have the effect of making colors subjectively appear dull, disliked and unpleasant. This result is consistent with our
previous study, which showed that chromatic colors appear more vivid with the use of glasses that attenuate light waves of 585nm.
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Perceptual organization (grouping and segmenting) is sensitive to stimulus-driven changes. A single accent can impact the overall
fixational pattern. In our study, we conducted several eye-tracking experiments to examine the impact of minimal accents on the
perception of geometric shapes. We used specially created stimuli groups where grouping and segmentation were tested without and
with minimal accents (28 stimuli). We had 3 experimental groups with 1) randomized stimuli (n=12), 2) partially randomized stimuli
where the stimulus without accents was presented first and then afterwards the same stimuli with accents in a randomized order (n=18),
and 3) randomized stimuli series where participants were instructed to look on the parts of the image that pops out (n=20). The results
showed that accents substantially changed the gaze patterns in all experimental conditions, but the degree of changes varied depending
on the experimental group. In the segmentation stimuli, the accent decreased the number of fixations. In grouping stimuli, the accent
induced axial gaze structure corresponding to the location of the accent. The instruction lowered the number of fixations for
segmentation stimuli but increased for grouping stimuli. The variance of gaze distribution for stimuli with accents was smaller in
conditions with partial randomization when compared to the randomized conditions. This study covers the baseline conditions of
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grouping, segmenting, and perceiving accent that can be used in further studies, e.g., when examining and comparing distortions in visual
processing in virtue of visuo-spatial impairments or neurodegenerative conditions.

Acknowledgements: Part of the research is supported by Fundamental and Applied Research project “Development of an integrative
approach to the assessment of cognitive abilities in patients with neurodegenerative diseases of the central nervous system” (project
No. Izp-2022/1-0100) and Project “Visuospatial processes as indicators of neurodegenerative and mental disorders” implemented with
the support of UL patron SIA Mikrotikls, administered by the University of Latvia Foundation (No. 2318).
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Given a point cloud (sample) drawn from a 2D probability density function (pdf), how does the visual system estimate the location of the
center of the pdf? Given only the leaves, where is the tree? If the pdf is Gaussian, the mean of the sample is an estimate that is unbiased
and minimum variance (UMVUE). If the pdf is not Gaussian, however, the sample mean need not minimize variance. In previous work
(Ota et al, ECVP, 2020) we reported that observers used different rules of combination for different underlying pdfs and their rules were
approximately unbiased and minimum variance. It is implausible that the visual system has a different rule of combination for every
possible pdf and we sought a combination rule that matched human performance across different pdfs. The model: The visual system
takes a two-steps process. The first step is segmentation where the visual system partitions points in the sample into a small set of
clusters. In the second step, the visual system assigns weights to points that depend upon cluster membership. We test three
assumptions of a possible two-step process by factorial model testing. Assumption 1: segmentation. We propose that the weight assigned
to each sample point depends on the cluster it is assigned to. Assumption 2: global agreement. Each cluster is assigned a weight by
global agreement of that cluster with other clusters. Assumption 3: numerosity. We consider another constraint where the relative
weight of each cluster is affected by is numerosity N. The more points in a cluster, the latger the weights assigned to each point in the
cluster. Assumptions 1 and 2 reproduce the human data well. However, a model without numerosity captures human data almost as
well.
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Accurate predictions about others’ impending emotional states have been shown to facilitate face emotion perception and may thus
promote effective social interaction. ‘Precision-weighting’ theory proposes that we place greater reliance on prior expectations to help
decode less reliable/precise sensory input. Facial expressions are often subtle, ambiguous, and fleeting, however we understand very
little about how and when predictions are used in the face of varying emotional expression reliability. To address this, the current set of
experiments adopted a cue-target paradigm using short, emotive sentence cues to set prior expectations on how a neutral target face
would emote in response. On each trial participants read a sentence and were told to imagine it was something said to the neutral face
presented alongside. When the face changed to expressive they categorised the face emotion using a simple speeded key press (angry
vs happy in Experiments 1-2; disgust vs sad in Experiment 3). On half of trials each, the facial expression matched the emotion predicted
from the sentence (‘congruent’) or mismatched (‘incongruent’). Critically, faces changed to show a low or high intensity expression to
provide low and high reliability sensory input respectively. The magnitude of the congruency effect (difference in RTs and errors on
congruent vs incongruent trials) was used to index the degree of reliance on the sentence cue (i.e., precision-weighting), with larger
congruency magnitude reflecting greater weighting. Across all experiments the congruency effect was significantly larger when
expressions were low vs high intensity. Experiments 1 and 2 compared young and older adults respectively, providing further evidence
that this effect generalized across age as well as across different emotion pairings. Our study provides the first empirical evidence for
precision-weighting within an emotion prediction framework, and contributes to broader emotion theory debate on how much the face
versus the context drives emotion understanding.

Acknowledgements: This work was funded by an SGSSS PhD studentship to Vilma Pullinen.
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Listening to natural auditory scenes creates distinct neuronal activity patterns in the early visual areas of blindfolded and congenitally
blind participants. The accuracy of these information patterns increases from foveal to far peripheral retinotopic regions in the early
visual cortex (V1, V2, V3) with even stronger effects in blind participants. This functional organisation is predicted by primate anatomical
connectivity, with cortical feedback projections from auditory and other non-visual areas preferentially targeting the periphery of early
visual areas. In congenitally blind participants, visual feedforward processing is absent and top-down projections to the visual cortex
proliferate, which could explain the stronger effects reported. In contrast, research in aphantasia suggests an impairment of some forms
of feedback to early visual areas leading to a loss of visual imagery experience. This raises the question of whether sound decoding would
be possible in early visual areas in aphantasia participants. We presented auditory scenes to 23 blindfolded aphantasic participants. We
decoded sounds in far peripheral V1 and foveal V3. Our results contrast with previous findings in controls, which showed a peripheral
preference in V1 and V2 and no foveal V3 decoding, and in the blind, which showed a peripheral preference across V1, V2, and V3, as
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well as higher overall classification accuracy. We explored this difference by modelling eccentricity effects across control, blind, and
aphantasia datasets, and with a whole brain searchlight analysis. Our findings suggest that the feedback of auditory content to the early
visual cortex may be reduced in aphantasic participants. Reduced top-down projections might lead to less decoding of sounds and
reduced subjective experience of visual imagery.

Acknowledgements: Roberto S. Luciani’s work was supported by the UKRI Centre for Doctoral Training in Socially Intelligent Artificial
Agents, Grant Number EP/S02266X/1.
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Masking occurs when the visibility of a stimulus (target) is reduced by the presence of another stimulus (mask). Metacontrast masking
involves a mask that surrounds the target without spatial overlap. Simultaneous presentation of target and mask (0 ms) facilitates target
recognition, while at intermediate Stimulus Onset Asynchronies (SOAs) (20 — 100 ms) there is interference (type B masking). We explored
metacontrast masking across different stimulus categories. In Experiment 1, we replicated the behavioral findings reported by Aydin et
al. in 2021, using identical stimuli—a disk with a missing sector on either side and a ring of the same colour. In Experiment 2, both sectors
of the disk could be missing (symmetric) or only one sector (asymmetric). Both experiments revealed an inverted U-shaped curve, with
facilitation observed at a zero SOA. Experiment 3 introduced irregular octagons, symmetric and asymmetric, again showing an inverted
U-shaped curve but lacking facilitation at zero SOA. Similarly, Experiment 4, using abstract irregular shapes, replicated the curve with no
zero SOA facilitation. Our findings suggest that metacontrast masking extends to complex shape processing, including symmetry
discrimination. The initial facilitation depends on integrating the shape of the mask and target into a unified percept, indicating a separate
phenomenon. The results are consistent with the idea that metacontrast masking is linked to feedback processing, which is also critical
for complex shape perception.

Acknowledgements: CARIPARO RSE 2021 project SHARE, PRID 2023 CoPeSy.
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In the visual cortex, population receptive field (pRF) size increases both with eccentricity and when moving up along the visual hierarchy.

Previous functional magnetic resonance imaging (fMRI) and neurophysiology studies found that in the primary visual cortex (V1), pRF
size varies across cortical depth according to a U-shaped function, with the smallest pRF sizes in central layers. This U-shaped pattern is
thought to reflect the hierarchical information flow across cortical depth, where the information arrives in central layers and is further
processed in superficial and deeper layers. However, it is still unknown how pRF properties are organized across cortical depth in later
visual areas. Here, we use population receptive field modeling at ultra-high field (7T) functional MRI to investigate pRF size variation
across cortical depth and along the visual hierarchy (i.e. V1-hV4, LO-1 and LO-2) at sub-millimeter resolution (0.8mm isotropic).
Functional data preprocessing included thermal denoising, susceptibility distortion correction, motion correction and high-pass filtering.
Both anatomical and functional data were upsampled to 0.4mm isotropic resolution. Anatomical images were co-registered to functional
images, segmented into gray matter, and divided into eight equivolumetric cortical surface layers. Our results show that in V1, pRF size
follows the expected U-shaped function with cortical depth. In V2 and beyond, our preliminary results did not reveal a clear U-shaped
function potentially suggesting a different association between pRF size and cortical depth. This study brings new evidence on the laminar
organization of pRF properties along the visual hierarchy that require further investigation.

Acknowledgements: KNAW.
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Face matching, that is deciding whether two face images are the same person is a widespread task, e.g. when a passport officer tries to
match a traveller to their passport, or when the police try to match a criminal caught on CCTV to images stored on a database. Some face
matching decisions are made by humans and others can be made by automatic face recognition (AFR) technology. In the UK, the Data
Protection Act states and any decision made by an algorithm must be checked by a human and this is a potential source of error. Humans
can be influenced by the prior judgements of an AFR system, which can lead to greater accuracy when the algorithm has made a correct
decision, however it can reduce accuracy if the algorithm has made an incorrect decision. The current study investigated whether
contextual information if the form of fictious judgements from other sources, e.g. humans with varying degrees of face recognition
ability, would influence face matching decisions. Participants were presented with face pairs and different sources of contextual
information, such as a judgement from a super recogniser, an AFR system, a forensic examiner, and another participant (with average
face recognition ability). Results found that although participants were explicitly asked to ignore the prior judgements, they influenced
face matching decisions and reduced accuracy when fictious judgements were not correct. Interestingly, in the average face recognition
ability condition, the fictious responses only reduced accuracy when faces were different identities. These findings extend previous
research that face matching decisions can be influenced by other sources of information, such as prior decisions made by humans, in
addition to judgements made by AFR systems.
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Establishing reliable means for assessment of facial identity processing (FIP) skills is important for theoretical development and across
various applied settings. Existing studies have reported FIP assessment tools and provide data that (ideally) describe general populations.
However, oftentimes, WEIRD populations are sampled, although individual FIP differences may be valuable for applied purposes, e.g.
security-related domains. Currently, there is growing interest in deploying police officers depending on their FIP abilities, but cohort-
specific normative data is lacking. Critically, whether FIP test performance differs between civilians and different professional groups is
currently unknown. We present normative data derived from various police cohorts in Switzerland and Germany (N=2557) for three
challenging FIP tests. These tests probe individuals' face perception and memory abilities (across realistic, i.e. age-dependent, and
superficial image changes) and have been used to identify Super-Recognizers for law enforcement. For all three FIP tests considered,
police officers' data were distributed similarly to those of previously reported civilians. We observed significantly better FIP performance
among police officers compared to civilians. However, the size of the observed effect of cohort is small and could be attributed to the
noteworthy difference in sample sizes. These differences preclude the investigation of additional factors that could have a moderating
effect (e.g., age, experience). To definitively determine whether cohort-specific normative data are needed and advisable for policing
requires further analyses and data acquired among larger civilian cohorts are required.

Acknowledgements: This work was supported by a Swiss National Science Foundation PRIMA (Promoting Women in Academia) grant
(PROOP1 179872) awarded to MR.
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When exploring visual scenes, humans move their eyes to direct the fovea to points of interest since visual acuity rapidly drops towards
the periphery. This sequential sampling of the environment is driven by low-level features of the surroundings as well as high-level
aspects such as goals and can be captured in so-called saliency maps. However, it is still debated how, when and where visual saliency is
computed and represented in the human brain. To add to this debate, we explore potential neural correlates of saliency using co-
registered electroencephalography and eye-tracking. We base our analyses on a pre-existing data set containing unrestricted viewing
data from 33 participants on natural images. In particular, we investigate the influence of image saliency on fixation-related potentials.
To investigate potential saliency effects on the level of single fixations, we use an existing state-of-the-art saliency prediction model
(DeepGaze Il1) which combines traditional static saliency maps with the recent scanpath history. This results in conditional saliency
predictions for single fixations and consequentially a saliency map that changes throughout the exploration of an image. We focus on
three different aspects of the saliency maps: the saliency at the location of the current and the next fixation and the entropy of the
saliency distribution. In our analysis approach, we combine the saliency predictions with Unfold.jl, a regression-based
electroencephalography analysis toolbox. Using linear deconvolution and generalized additive modelling, the toolbox disentangles
overlapping electroencephalography signals and can account for (non-)linear confounds. In our case, we incorporate different eye-
movement properties including fixation duration, position and rank as well as incoming saccade amplitude. Our current analyses are
explicitly exploratory and aim at giving a first description of potential saliency effects in electroencephalography signals and at generating
more specific hypotheses which can be tested on a new data set, which we are currently collecting.

Acknowledgements: Funded by Deutsche Forschungsgemeinschaft (DFG, German Research Foundation) under Germany's Excellence
Strategy — EXC 2075 — 390740016. The authors further thank the International Max Planck Research School for Intelligent Systems
(IMPRS-IS) for supporting Judith Schepers.

53
Attractiveness influences memory for unfamiliar happy faces, but not for angry faces

Eriko Matsumoto?, Nanako Kizaki?

IKobe University (JP), 2Department of Global Human Science, Kobe University (JP)

We see many new faces in our daily lives, but what features of faces contribute to make these memory representations? Previous studies
have reported that face attractiveness, trustworthiness, and affective information improve memory for face identity. It is possible to
assume that attractiveness and trustworthiness have a high social value, so the faces with high values of these traits are prioritized for
memory. For affective information, it may indeed have automatically captured attention and enhanced face perception. However, it
remains unclear how positive or negative emotion affects memory for the identity of faces and how emotion and attractiveness interact.
The present study used an incidental learning paradigm and a recognition task to investigate how affective information and attractiveness
influence memory for face identity. 10 different identities with 3 variable angle pictures and positive/negative facial expressions were
used in the incidental learning phase. During the learning phase, participants were asked to focus on the line-length judgment task and
to ignore the faces that were presented in the background of the task stimuli. After the learning task, all participants performed a
recognition task. In this task, participants judged whether or not the presented frontal neutral face was identical to the person they had
observed in the learning phase. Results showed significant differences in hit rates between angry and happy faces. Learning with angry
expressions showed superior memory. In addition, to analyze the effect of attractiveness and emotion on face memory, a two-way
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ANOVA of emotion (angry/happy) x response type (hit/miss) was conducted with the attractiveness of each face as the independent
variable. The results showed the high attractiveness effect on memory for the happy face, but not for the angry face. It suggests that
different features may have been used for memory with different affective status.

Acknowledgements: This work was supported by JSPS KAKENHI Grant Number JP22K03209.
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We want to understand whether the Furhat, a robot with projected face images, can be used as a tool in face perception research. Images
on the robot are programmable and interchangeable and could bridge the gap between real life constraints and the limitations of a
laboratory. It could help us strengthen existing models of human face processing, and perception of trustworthiness that can be applied
to affective computing and robot/human interaction. This study aims to understand scenarios in which a face is perceived to be human-
like, or machine/robot-like. Understanding the extent to which the Furhat is perceived to be human-like allows evaluation of its use as a
tool for face perception research. Six image categories were created: i) human faces, ii) physical Furhat, iii) virtual Furhat, iv) 50% morphs
between human faces and the physical Furhat, (v) 50% morphs between human faces and the virtual Furhat and vi) other robots (not
Furhat). Participants are asked to rate each image on 6-point Likert scales for human likeness, machine likeness, and trustworthiness.
Each image is shown embodied (on a bust) and disembodied (in isolation). Results will aid stimuli selection for a neurophysiological
follow-up study.

Acknowledgements: This project is funded by a PhD Scholarship from the School of Social Sciences at Heriot-Watt University.
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Visual perception is heavily influenced by the internalisation of the statistical regularities inherent in nature. One such regularity is the
spatially-dependent relationship between individual image features (e.g., contrast) for two regions of naturalistic images, such that closer
image regions have more strongly correlated image features. However, it remains unknown whether human observers’ similarity
judgements for image regions follow such spatially-dependent feature relationships. Therefore, we had participants (N=20) judge which
of two isolated image regions belonged to the same scene as an initial standard image region. One of the two test images (the target)
was cropped from the same source photograph as the standard, drawn from locations separated by varying displacement distances and
azimuths. The second test image (the foil) was drawn from a different photograph, at the same relative spatial location as the target.
Using a generalised linear multilevel framework, we found observers’ performance was accounted for across spatial conditions using
low-level feature relationships alone. In particular, we found phase-invariant structural information correlations to be a key predictor for
participants’ responses. This finding was reinforced in a second experiment, where participants (N=20) performed the same task for
altered image regions. Specifically, here image regions were altered to contain only their edge-information or luminance-thresholded
black/white pixels. Our findings suggest similarity categorisations for naturalistic image regions can be accounted for by low-level feature
matching, without requiring the reliance on more complex image information. More broadly, the results suggest observers effectively
use available low-level visual information to inform their perceptual judgements, even when embedded in complex naturalistic scenes.

Acknowledgements: The current study was funded by an Australian Research Council Discovery Early Career Researcher Award awarded
to WJH (DE190100136) and a National Health and Medical Research Council (Australia) Investigator Grant awarded to JBM
(GNT2010141).
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Individuals with autism are suggested to experience difficulties with categorization and generalization. However, studies empirically
investigating categorization or generalization in autism have mainly focused on one process at a time, and neglected underlying neural
mechanisms. Here, we investigated these perceptual processes in adults with and without autism, both at a behavioral and neural level.
The study was completed by 38 autistic adults and 38 matched neurotypical individuals. By presenting shapes sampled from an artificial
multidimensional stimulus space, we investigated whether participants can (1) be trained to categorize these shapes via feedback, and
(2) generalize trained categorization to an extended version of the same stimulus space and a novel stimulus space. Moreover, we
assessed the neural underpinnings of category learning in both groups via electroencephalography recordings. Findings show that both
autistic and non-autistic individuals are able to categorize highly similar stimuli and to generalize this categorization after training. In
addition, no significant differences in self-reported categorization strategy were found between the groups. However, in the initial stages
of training and when generalizing to a novel space, autistic individuals were significantly less accurate. Reduced performance during
initial training was significantly correlated with higher autistic traits. Reduced generalization correlated with higher self-reported
intolerance to uncertainty. Electroencephalography recordings during training showed that autistic individuals had a significantly
reduced amplitude in their N1 component after stimulus presentation and a reduced amplitude in their P300 component after receiving
negative feedback. A reduced N1 component could be in line with less categorical processing in autism. The reduced P300 component
in central regions of the autistic individuals was related to higher activation in the frontal regions, which could represent either more
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explicit processing or higher saliency of prediction errors. This multi-level approach sheds new light on the mechanisms that underlie
information processing issues in autism.
Acknowledgements: This work was supported by a personal fellowship awarded to Jaana Van Overwalle [FWO grant number 1177920N].
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Complex visual stimuli evoke diverse patterns of gaze, but previous research suggests their neural representations are shared across
brains. Moreover, it has been shown that representations of complex visual stimuli in human inferior cortex (IT) can be decoded across
brains using hyperalignment. We hypothesized that cross-brain decoding accuracy will be boosted when instructing participants to stop
moving their eyes. Additionally, we tested whether interindividual differences in a range of gaze parameters predict the degree of
representational divergence for a given pair of observers. First, we established that individual gaze varies in highly systematic ways, even
for a directed movie (Shaun the Sheep). Then, we used functional MRI in a subset of participants (n = 19) to test how predictive inferior
temporal representations of one observer were for those of another, in two conditions. Participants watched movie segments either
freely moving their eyes or fixating centrally. Results showed that the amplitude of BOLD responses dropped significantly for central
fixation compared to free-viewing (t(18) = -5.29, p < .001, across IT). Nevertheless, cross-decoding performance significantly increased
from 36% to 64% (t(170) = 30.19, p <.001). Furthermore, pair-wise differences of gaze parameters in the eye-tracking session predicted
the degree of gaze-induced representational divergence in the scanner. Specifically, the average Euclidean distance between gaze
positions (b = 0.32, SE = 0.08, t(149) = 4.06, p < .001), as well as differences in the tendency to fixate faces (b = 0.24, SE = 0.07, t(150)
=3.12,p<.01)and text (b =0.17, SE=0.07, t(150) = 2.19, p <.05) significantly contributed to neural divergence. Taken together, individual
eye movements enhance the neural signal evoked by visual stimulation, but also lead to more individual representational geometries of
complex visual stimuli.

Acknowledgements: This work was supported by European Research Council Starting Grant 852885 INDIVISUAL and Deutsche
Forschungsgemeinschaft (DFG, German Research Foundation) Project No. 222641018-SFB/TRR 135 TP C9. BdH was further supported
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The permanence of an object is the experience that the object persists in time and space, even though the movement of the object
within the visual field might be discontinuous. The permanence of the visual world is an important aspect of vision (Marr, 1983). Gibson
(1979) described the experiment (Kaplan, 1964) with occluding edges in which the occluded surface was perceived to be present even
after it was hidden, and the appearing surface was perceived to be present even before it began to be seen. However, how long before
or after occlusion do we perceive its presence? This study examines this issue using two different tunnel effect motion patterns: the so-
called tunnel effect pattern (Burke, 1952; Michotte, Thinés & Crabbé, 1964), in which the brightness of the moving object did not change
during the motion, and the foggy pattern (Vicario & Actis-Grosso, 1997; Actis-Grosso, 2021), in which the brightness of the object
changes, becomes homogeneous with the background and disappears during the motion. A foggy pattern differs from a geometric figure
motion pattern in how it is occluded. The foggy pattern does not have distinct occlusion edges like the geometric figure pattern. The
moving object gradually disappeared. However, unlike the original tunnel effect of both types, the start and stop of the movement are
hidden and the middle part of the movement is presented. Our observers drew the perceived motion trajectories. All observers perceived
the occluded motion behind the screen. The perception of the motion trajectory during occlusion was affected by how it was occluded.
The occluded motion trajectory was perceived longer when the occlusion edge was obscured than when it was perceived.
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Social perception as (Bayesian) hypothesis testing and revision. Findings and Mechanisms.

Patric Bach?

lUniversity of Aberdeen (UK)

Recent proposals argue that people’s ability to understand the actions of others emerges from a Bayesian-like hypothesis-testing and
revision process that tests prior assumptions about the higher-order goals underpinning others’ behaviour against the sensory evidence.
Here, | review evidence for such an account from a series experiments, showing that people’s visuospatial representations of others’
actions are indeed biased towards people’s prior expectations above these actions, derived from cues about the higher-order goal and
mental states driving them. In these studies, participants saw brief presentations of actions and made spatial judgments about the hand’s
spatial locations, while we manipulated the prior expectations people had about the hand motions. Across tasks and stimulus sets, results
reveal consistent biases in perceptual judgments, away from the hand’s objective locations towards prior expectations of how the
motions will develop. These biases emerged from both lower-order information from the actions themselves (e.g., observed kinematics),
prior information about the forthcoming actions (e.g., whether the agent will reach or withdraw from the object, whether there an
obstacle in the hand’s path), but also from higher-order information about the mental states of the agent (e.g., the agent’s goals, their
potentially false belief whether an obstacle is in the hand’s path). Together, these results are consistent with the proposal that observers
test prior assumptions about other people’s behaviour against the sensory evidence they receive from their actions, and that these
expectations are derived from multiple cues, reflecting an integration of both higher-order information about the mental states driving
the actions, as well as lower-order cues about the actions themselves. | will discuss potential mechanisms underpinning these findings.
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Thematic relations between objects get through the bottleneck of crowding

Nicolas Slaski?, Soléne Kalénine?!, Bilge Sayim?

lUniversity of Lille, Laboratory Scalab (FR)

Target identification in peripheral vision deteriorates when the target is surrounded by other stimuli. This phenomenon known as visual
crowding has been demonstrated for a large range of visual features. Despite the inability to identify a crowded target, target features,
such as semantic information may still be processed, and, for instance, induce semantic priming effects. Most studies of visual crowding
have used simple stimuli without considering semantic variability of real-world objects. Here, we assessed how semantic information
that objects may share influenced target identification in crowding. In particular, we investigated thematic relations (e.g.,“pen-
notebook”) that are particularly quick to identify for manipulable objects, especially when correctly positioned for action (pen on right
for right-handers). We hypothesized that thematic relations between manipulable objects may survive crowding. All participants were
right-handed (N=64). Stimuli consisted of 12 sets of 3 manipulable object images. Objects were either thematically related (“pen-
notebook”) or unrelated (“pen-hat”), and horizontally arranged in pairs. Thematically related objects were correctly positioned for action
or not. Pairs were presented in isolation or flanked by meaningless objects (crowding condition) in the upper or lower peripheral visual
field (6.2°) for 150 ms. After stimulus offset, a word was centrally displayed and participants determined whether it corresponded to one
of the objects using the keyboard. In isolation, identification performance was higher for thematically related (86.5% correct) than
unrelated object pairs (73%). In the crowded condition, unrelated objects were identified at chance (50.9%). Importantly, in the crowding
condition, performance was better for thematically related than unrelated objects (57.4%). Taking into account differences in visual
similarity in the model did not change the results. Surprisingly, we found no impact of action position on performance. Findings suggest
that thematic relations, regardless of object position for action, can overcome the bottleneck of crowding and facilitate identification of
manipulable objects.
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Creative drawings reveal features for superordinate object classification

Filipp Schmidt?, Henning Tiedemann?, Christian Houborg?, Emily A-lzzeddin?, Roland W. Fleming

Hustus Liebig University Giessen (DE)

Visual classification of objects into superordinate classes such as “animal” or “plant” is computationally challenging because radically
different items (e.g., “jellyfish”, “cow”) must be grouped into a common class. Still, we can not only classify familiar but also novel
(unfamiliar) items—by having learned general features shared across class members. Here, we tap into participants’ visual feature spaces
by asking them to generate new (i.e., non-existing) items from a superordinate class. 16 participants drew members of 9 different
superordinate classes (animal, building, clothing, furniture, household appliance, musical instrument, plant, tool, vehicle; 5 drawings for
each class), “without drawing a particular example”. Additionally, we also asked them to draw an object belonging to no familiar class.
To test to what extent these drawings were perceptually valid class members, we asked another 16 participants to assign each drawing
to one of the 9 class labels, or type in a new class, and rate their typicality. The classification yielded an average accuracy of 69%—
compared to 10% chance level-and an accuracy of 89% for (familiar) control drawings. Performance was particularly high for unfamiliar
animals, plants, buildings and vebhicles. Virtually no drawings were grouped into none of the classes, even most of the drawings created
to “belong to no familiar class”. Average typicality was 4.9 for unfamiliar compared to 8.2 (range: 1-10) for familiar drawings. Thus, we
identified novel items that are grouped in superordinate classes without being familiar members of those classes. To identify the visual
features allowing us to do this, we asked another group of participants to label and name the parts of each drawing they would use for
classification. Our results show that by learning superordinate classification we establish visual feature spaces that also allow us to draw
novel samples—for example by recombining signature features of a class.

Acknowledgements: This research was supported by the Deutsche Forschungsgemeinschaft (DFG, German Research Foundation, project
number 222641018-SFB/TRR 135 TP C1 and IRTG 1901 “The Brain in Action”); the European Research Council (ERC) Consolidator Grant
““SHAPE” (project number ERC-2015-CoG-682859) and Advanced Grant “STUFF” (project number ERC-2022-AdG-101098225); and the
Research Cluster “The Adaptive Mind”’ funded by the Hessian Ministry for Higher Education, Research, Science and the Arts.
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How experimental research on human shape perception can help us understand the history of science

Ulrich Stegmann?, Filipp Schmidt2

LUniversity of Aberdeen (UK), 2University of Giessen (DE)

Experimental history of science employs experiments to investigate issues in the history of science. An example is recreating an
historically influential physics experiment to investigate historical techniques and theoretical assumptions. Here we use the dot-matching
paradigm developed for shape perception to investigate the biological practice of homologising organs and structures. Prior to Darwin
and lacking agreed-upon criteria, numerous biological homologies were discovered. Exemplary instances include mammalian forelimb
bones and floral organs. It is commonly presumed that the initial establishment of morphological homologies stemmed from an intuitive
perception of similarities, yet this presumption remains untested. Our hypothesis posits that pre-evolutionary naturalists utilized the
common human capability to discern visually corresponding locations on differently shaped objects. We found that (1) lay participants
indeed utilized this capacity when identifying "corresponding" locations. Furthermore, (2) these locations were statistically
indistinguishable from those deemed homologous by pre-evolutionary naturalists and contemporary experts. Additionally, (3) exposing
lay participants to images of intermediate organs influenced their judgments of correspondence, aligning with historical accounts
suggesting that intermediate organs aided pre-evolutionary recognition of homologies.
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Does temporal regularity affect evidence accumulation during perceptual decision-making?

Kuo Liul, Amy X. Lil, Sage E. P. Boettcher?, Laurence T. Hunt?

1University of Oxford (UK)

Previous research has found that temporal regularities, established through predictive cues or rhythms, may guide temporal expectations
and facilitate the processing of expected events in perceptual decision-making and target detection tasks. Our pre-registered study (N =
80) extends past research by examining the influence of temporal regularities, induced by rhythmic periodicity, on evidence accumulation
during a perceptual decision-making task. Participants completed 160 trials of a decision-making task, in which they viewed eight discrete
pieces of visual information (tilted bars of different orientations sequentially presented on a computer screen) and integrated them
towards a final decision (i.e., reporting the average orientation of bars in the presented sequence). To examine how temporal regularity
affects evidence integration, we manipulated the degrees of stimuli periodicity across four within-subject conditions; for trials in the
baseline control condition, the interstimulus intervals between the presented bars were jittered within a pre-set range (125 to 375 ms),
whereas the interstimulus intervals between presented bars were fixed at 250ms in the periodic condition. The two remaining conditions
had an intermediate degree of temporal regularity, such that the interstimulus intervals between all stimuli were fixed at 250 ms, except
for a single interstimulus interval being either shorter or longer than 250 ms, for the violation early and violation late conditions
respectively. Contrary to pre-registered hypotheses, we observed no significant differences in the accuracy of participants’ decisions
between conditions, nor in the weighting they assigned to each piece of evidence in a sequence. Exploratory analyses found notable
inter-individual differences in within-trial evidence weighting profiles, revealing underweighting of the earliest and latest evidence for a
significant subset of participants (n = 51). We discuss the implications of our results for existing findings on the effects of temporal
expectations, and more broadly, for theories of evidence accumulation in the decision-making literature.

Acknowledgements: Kuo Liu and Amy Li contributed equally to this work. This research was supported by a Royal Society/Wellcome
Henry Dale Fellowship to LTH (208789/2/17/Z).
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The impact of overall stimulus intensity and processing noise on decision accuracy

Angelo Pirrone?!

1University of Liverpool (UK)

Value-sensitivity refers to the influence of overall stimulus intensity on decision-making and metacognitive performance. Specifically,
choices are made faster and with greater confidence when the overall stimulus intensity is higher. Value-sensitivity cannot be fully
accounted for by purely relative models of decision-making that dominate the literature. Previous research has proposed that value-
sensitivity arises because internal processing noise during decision-making scales with the overall stimulus intensity. Alternatively, other
accounts have been suggested, which focus on characteristics of the decision architecture (e.g., lateral inhibition, urgency signals,
collapsing boundaries) rather than the mechanical limits of information processing. Distinguishing between these competing accounts
has proven challenging. Here, | discuss unique predictions made by models that rely on input-dependent noise. For instance, the models
that rely on input-dependent noise predict unique quantitative trends in how accuracy changes as a function of overall stimulus intensity.
Additionally, only the models incorporating input-dependent noise predict less accurate choices across both free-response and
interrogation protocols. In contrast, models that rely on characteristics of the decision architecture exhibit less accurate choices only in
the free-response protocol. Moreover, for models that rely on input-dependent noise, when participants engage in the same experiment
twice (double-pass paradigm), their choices for conditions with higher overall stimulus intensity are expected to exhibit reduced
consistency between repetitions, even when the alternatives are equal. Conversely, models that rely on characteristics of the decision
architecture do not predict less consistent choices in the double-pass paradigm. Experimental findings involving a brightness
discrimination task (N = 60), a value-based task (N = 66), and the reanalysis of eight previous datasets seem to rule out a causal role of
processing noise in value-sensitivity. Furthermore, these results shed light on the relationship between overall stimulus intensity and
choice. The implications of these findings are discussed.
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Elemental and configural stimulus control in multidimensional visual discrimination learning by pigeons

Olga Vyazovska?

IKharkiv International Medical University (UA)

A multidimensional discrimination task affords unique experimental and theoretical opportunities for advancing our understanding of
discrimination learning. Sixteen compound stimuli were created from all the possible combinations of two stimulus values from four
separable visual dimensions: shape (circle/square), size (large/small), line orientation (horizontal/vertical), and brightness (dark/light).
Two groups of pigeons (Columba livia) were trained on go/no-go visual discrimination tasks with different ways of presenting the stimuli.
In the first group, stimuli were presented in a random manner from the very beginning of discrimination training; in the second, stimuli
were presented in a stepwise manner with increasing complexity. In a Multiple Necessary Cues (MNC) task (the first group),
reinforcement was not guaranteed by attending to only some of the presented stimulus features; the discrimination task could be learned
only by attending to all four stimulus dimensions. However, while learning compound multidimensional visual stimuli, the pigeons
demonstrated dimensional stimulus control. Evidence of attentional trade-offs among the four dimensions was observed during
discrimination learning. This finding raises intriguing questions regarding elemental stimulus control during the learning process and
configural stimulus control as a result of mastering the multidimensional MNC task. In a Redundant Relevant Cues (RRC) task (the second
group), attention to all features of a compound stimulus was not required. The task was arranged by presenting features that were
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relevant or irrelevant. To solve the task, the pigeons could attend to any of the four dimensions (separately or together). However, they
attended to only one dimension in the first stage. Furthermore, they attended to just one additional dimension in each of the three
succeeding steps. Thus, where redundant information was available and using fewer cues reliably predicted reinforcement, pigeons
optimised their attentional behaviour, selectively and efficiently processing the minimum number of dimensions to discriminate between
the presented compound stimuli.
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The relationship between visual acuity and working memory

Corinna Haenschel®, Emsal Llapashtica, John Barbur, Paul Bretherton

1Department of Psychology, City, University of London (UK)

Background: Working memory (WM) is the ability to encode and temporarily maintain information. There is some evidence that early
perceptual processes make an important contribution to successful WM performance. However, basic visual contributions to WM are
not yet fully understood. The aim of the study was to test the relationship between visual acuity and working memory. Methods: Twenty-
six participants performed the Acuity-Plus test to measure visual acuity and contrast sensitivity. Then participants performed a visual
lateralized change detection task, while we recorded EEG. This allowed us to test the degree to which visual acuity and contrast sensitivity
can predict visual (P1 & N2) and memory related (contra-lateral delay activity (CDA)) event-related potentials (ERPs). Preliminary results:
WM accuracy was significantly higher and reaction time lower for low load compared to high load trials. We also replicated previous
findings of a larger N2 and a larger CDA load effect in response to contralateral compared to ipsilateral presented stimuli. Results show
a significant positive correlation between visual acuity and CDA activity for both low and high memory load, and a significant positive
correlation between contrast sensitivity and CDA activity for low memory load. Conclusion: This study confirms a link between both
visual acuity and contrast sensitivity, and neural measures of WM maintenance. Our results highlight the importance of controlling for
visual acuity and contrast in all cognitive experiments, but it also points to the importance of visual acuity for being able to maintain
information over the delay period.

Acknowledgements: BIAL foundation Grant 116/20.
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Memory for Stained-Glass Windows is Not Affected by Light Patterns

Kate Nevin*

Trinity College Dublin (IE)

Due to its unusual ability to both transmit and reflect light, stained-glass is a unique medium for research into the effects of light on
memory and attention. Although stained glass windows are designed to be memorable, it is known that movement of a light source can
affect selective attention. Alternatively, static lighting may serve to highlight the window’s features. Thus light through a stained glass
window may adversely affect or benefit memory depending on its nature. We tested these ideas in two recognition-memory experiments
using rendered images of entire windows. Lighting conditions were digitally manipulated to depict either ‘static’ or ‘dynamic’ lighting or
diffuse lighting only. In Experiment 1, participants (N=48) were required to learn images of windows with dynamic or static lighting
patterns and subsequently conducted a recognition memory test. We found no effect on performance (response times or accuracy) of
the lighting conditions. In Experiment 2 (N=48) we used the same protocol and stimulus set to test whether a difference in memory
performance was found to localised (e.g., a shadow of a bird flying across the window) or more global (e.g. shadow of leaf movement
from a large tree) dynamic light patterns through the stained glass windows. Again, we found no effect of light movement or distribution
on either recognition accuracy or response times. These results suggest the intriguing finding that the information in stained-glass
windows is not disturbed by lighting patterns. Eye tracking studies helped to reveal whether dynamic or static lighting was effective at
guiding spatial attention. Results suggest that lighting can affect the allocation of attention but that the semantic relevance of the
highlighted feature also plays a role. Our findings suggest an unexpected interplay between the role of incidental lighting patterns and
the functionality of stained glass windows as memorable depictions.
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Advance Task Preparation on Crossmodal Attention Switching in Older Adults: An fMRI Study

Pi-Chun Huang?, Ludivine Schils?, Iring Koch?, Denise Stephan?, Shulan Hsieh?

INational Cheng Kung University (TW), 2RWTH Aachen University (DE)

In this event-related fMRI study, we investigated whether older adults benefit from advance task preparation in a cued attention-
switching paradigm requiring switching between different sensory modalities. Participants identified the spatial location of relevant
visual vs. auditory modality targets while ignoring spatially congruent or incongruent crossmodal distractors from the other sensory
modality. We manipulated the cue-to-target interval (CTI, 200 ms vs. 2100 ms), reflecting advanced preparation, to investigate age-
related differences in performance and neural activation. Behavioral results showed comparable switch costs between younger and older
adults, with advanced preparation reducing the switch costs independently of age. Age-related interactions emerged in the spatial
congruency effect, indicating that older adults struggled more to ignore distractors from other sensory modalities, irrespective of CTI
manipulation. The blood-oxygen-level-dependent (BOLD) response depicted widespread activation in the frontal-parietal cortex, related
to switch costs, with no significant age-related differences in activation regions. The interaction between CTI and switching revealed
specific activation of the left angular gyrus in trials with short CTI, suggesting in trials with less preparation more target-driven control is
required to integrate multisensory information and reorient attention to relevant information when switching modality. Further analyses
contrasting interactions between CTI and age showed activation differences in the bilateral inferior frontal gyrus, the bilateral fusiform
gyrus and the left middle occipital gyrus. The results demonstrated that older adults required greater target-driven control to
compensate the interference in stimulus processing, leading to the absence of age-related effects on preparation effects and on switch
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costs at the behavioral level. In summary, the brain activation related to the goal-directed execution process involved in task switch was
comparable for both age groups, whereas older adults recruited additional brain areas to compensate the target-driven processing.
Acknowledgements: The project is supported by STE 2466/1-1 granted to Denise N. Stephan and NSC 109-2923-H-006-002-MY3 granted
to Shulan Hsieh.
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Spatial biases in visual foraging: Investigating the effect of display structure on foraging direction
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In many visual foraging experiments participants are tasked with collecting targets that disappear upon selection (most commonly using
a computer mouse) in two search conditions: feature search (where one factor distinguishes the targets from distractors) and conjunction
search (where two factors distinguish the targets from distractors). A prominent foraging pattern that emerges in both search conditions
is a ‘reading-like’ spatial strategy component, as participants predominantly select targets closest in proximity in horizontal and vertical
directions. However, it remains unclear whether this foraging pattern is driven by a cognitive preference for items in cardinal directions
(up, down, left, and right). An alternate explanation is that the foraging pattern is a by-product of a grid arrangement of the items in the
foraging task. We aimed to explore this alternate explanation by examining foraging behaviour in feature and conjunction search
conditions when items were displayed on a (i) classic grid, (ii) 45-degrees rotated grid, (iii) or uniformly random structure. We analysed
the results using von Mises mixture models, the results of which suggest a strong influence of stimulus arrangement on foraging
behaviour in all three conditions. We found (i) a cardinal bias in the grid structure conditions, (ii) a bias which matched the rotation in
the rotated structure conditions (i.e., an oblique directional bias), and (iii) a weaker cardinal bias (predominantly in horizontal directions)
in the random structure conditions. These findings indicate that the observed patterns of inter-target direction are predominantly driven
by preferences to select nearby targets rather than a cognitive preference for following cardinal directions. As these results are based
on target selection behaviour (i.e., mouse clicks), we will discuss how analysis of eye movement behaviour patterns collected during the
foraging trials may help us further understand the mechanisms of visual foraging.

Acknowledgements: Economic and Social Research Council (ESRC), DEVCOM Army Research Laboratory.
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Examining the neural bases of looking and seeing in visual search using event-related potentials

Junhao Liang?, Li Zhaoping?

1Eberhard Karls University of Tibingen (DE)

Looking and seeing are separate processes that typically overlap in time. To examine their underlying neural bases, we use event-related
potentials (ERPs) on a visual search task (Zhaoping and Guyader 2007) that enables us to separate the two processes. Observers searched
for a uniquely oriented bar among many identically shaped bars in each of many images, each could be of type A-simple, B-simple, A, or
B. In A-simple images, all bars are oriented 45 degrees clockwise or anti-clockwise from vertical; the target is uniquely oriented. Modifying
A-simple images gives A images, when to each original bar is added an intersecting horizontal or vertical bar to make an 'X'. All the 'X's
are identical to, although rotated from, each other, confusing normal observers and prolonging their response times to report the target.
In this confusion, gaze position during search often reaches, but then abandons, the target to continue searching elsewhere. Modifying
A images gives B images, when the target bar's orientation tilts just 20 degrees from the intersecting horizontal/vertical bar, making the
resulting 'X' distinctly thinner, eliminating the confusion. Removing all the horizontal/vertical bars from B images gives B-simple images.
Observers' gaze movements and electroencephalography (EEG) were recorded. We aim to identify ERP components for looking and
seeing typically associated with peripheral and central vision. This can be examined by, e.g., contrasting the EEG waves between A and
B images (since A and B share the same target saliency effects to guide looking but differ in confusion caused by seeing) and contrasting
the EEG waves for targets near or far from the initial fixation location before the stimulus onset. Preliminary behavioral and EEG data
suggest that our experimental design, with further data collection and analysis, should provide substantial information that we plan to
report at the conference.

Acknowledgements: This work was supported by funding from the University of Tiibingen and the Max Planck Society.
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Blindness to Absence of Color: Effects of Color and Spatial Layout in Natural Scene Images
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We experience a richly colored visual world in our everyday lives. However, when color is removed from a region within a scene image
and the image is briefly presented, observers often fail to notice the colorless region (scotoma). This phenomenon, referred to as
blindness to the absence of color, persists regardless of whether the scotoma is located centrally or peripherally. Previous research using
signal detection theory (SDT) has suggested that this blindness primarily results from a conservative bias in responding “full color” (no
scotoma) to the scotomatized images. This study aimed to explore how manipulations of color and spatial layout in natural scene images
influence this bias and either contribute to or disrupt blindness. Observers were asked to detect a scotoma (7.6° x 6.1°) within one of the
four quadrants of a natural scene image presented briefly (67 ms), rendered in either normal or complementary colors. The spatial layout
was also varied by arranging image blocks in either regular (coherent) or shuffled (jumbled) configurations. Results showed that missing
the scotoma was most frequent in spatially coherent images rendered in normal colors. Rendering the images in complementary colors
or shuffling the image blocks reduced the rate of misses. These findings confirm that blindness to the absence of color occurs with natural
scene images. SDT analysis indicated that the conservative bias, rather than sensitivity to the scotoma (d’), primarily contributed to
blindness. The results revealed a significant conservative bias only with spatially coherent and normally colored images. In contrast, d’
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was higher in the normal than in the complementary color conditions, but lower in the coherent than in the jumbled configurations.
These findings suggest that both color statistics and global configurational contexts in natural scenes are crucial for inducing the
conservative bias and for blindness to the absence of color.

Acknowledgements: Supported by JSPS KAKENHI (18K18686 and 20H01781).
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From repulsion to attraction in visual working memory
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Contextual biases are well known in visual working memory studies. For example, when participants memorize colors of two items, their
reports for one of the items might be biased away or towards the other. Most theoretical accounts of such biases aim to describe the
mechanisms behind them without providing a normative account of the biases, that is, without explaining why they occur. We recently
proposed a new normative model to fill this gap, and now report the first empirical data from experiments that tested the predictions of
the model. The ‘demixing model’ explains contextual biases as a consequence of the fact that observers have to disentangle neural
signals corresponding to different items in memory. Interestingly, the model predicts that both attraction and repulsion can coexist when
the level of neural noise differs between the memorized stimuli. In four experiments, observers memorized two simultaneously
presented items (Gabor patches or color mosaics), while noise levels were independently varied between the two by manipulating
contrast, spatial frequency, and eccentricity (for Gabors) or stimuli heterogeneity (for color mosaics). Crucially, we found that the effect
of noise on the target item depended on the noise on the non-target item. When the noise levels on the target and non-target were the
same, increasing the noise led to more attractive (less repulsive) biases. When the noise levels differed, increasing the target noise led
to more repulsive (less attractive) biases. This effect was further moderated by target-to-distractor similarity. Our results support the
predictions of the demixing model and provide a clue to understand the divergent bias patterns observed in previous studies. However,
the full pattern of observed biases is more complex than predicted by the model, highlighting the need for future theoretical and
computational work.
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Cognitive-load dependent effects of tDCS on the executive vigilance decrement: insights from aperiodic EEG activity
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Vigilance is crucial for various activities, from attending lectures to driving cars, and its inevitable decline over time can lead to severe
consequences. One potential tool to mitigate this decrement is the use of transcranial direct current stimulation (tDCS). To maximize
tDCS effects, it is crucial to select anatomically relevant target regions and activate neural connections within these areas through a
behavioural task. However, subtle differences in the task, such as the cognitive load it induces, may result in different patterns of brain
activity that, when potentiated by tDCS, can lead to varying behavioural outcomes. To better characterize the relevance of this aspect in
relation to the decrement of executive vigilance (EV), participants (N = 180) received anodal tDCS over the right posterior parietal cortex
during the performance of a task assessing EV and imposing varying levels of cognitive load (single, dual, or triple task). On-task
electroencephalography (EEG) data was collected before and after stimulation and EEG power spectra were then parametrized to
disentangle periodic (oscillatory) from aperiodic (non-oscillatory, namely aperiodic exponent and offset) components. Results showed
that tDCS led to a decrement of the aperiodic exponent extracted from a 30-45 Hz frequency range, reflecting an increased
excitation/inhibition (E/I) balance. This increased E/I balance was in turn associated with a mitigated EV decrement in the triple or high-
load task (i.e., positive mediation), and an exacerbated EV decrement in the single or low-load task (i.e., negative mediation). These
findings suggest a potential mechanism for cognitive-load dependent effects of tDCS, indicating that beneficial behavioural outcomes
from increased excitability occur only when the stimulated region is primarily engaged in the task. This study highlights the nuanced
interplay between brain state, task demands, and tDCS outcomes that should be considered for applications in future research or clinical
translation.

74
Goal-dependent spatial frames for working memory following body movement: a combined VR and eye-tracking study
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Working memory enables us to hold onto relevant visual information in service of anticipated future behaviour. Consequently, the goal
for which information is retained may crucially drive the way we retain information in working memory. Using Virtual Reality in
combination with eye-tracking, we investigated whether distinct tasks in moving participants prompt the use of distinct spatial frames
that serve working-memory, even when presented with identical to-be-memorised visual information. Participants encoded two
oriented bars (on the left and right) in working memory, then turned around (rotated 180 degrees) before being cued to either report
the precise orientation of the cued memory item (report blocks) or manually reach back to the cued memory item (reach blocks). The
180-degree body rotation uniquely enabled us to disentangle two potential spatial frames used for working memory following rotation:
a current-viewpoint-independent frame retaining a snapshot of the visual objects as seen at encoding vs. a current-viewpoint-dependent
frame reflecting where the visual objects are in the external environment relative to oneself (updated with self-movement).Reporting
and reaching data, together with patterns of fixational gaze behaviour, unveiled the use of distinct spatial frames for the two tasks. This
reveals how a foundational aspect of working memory retention — the spatial frame in which memory content is retained — is critically
shaped by the nature of the anticipated task, even when tasked to retain identical visual stimuli.
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Colour experiences, normally elicited by coloured light, can also occur in the absence of physically coloured stimuli. Intense flickering
white light applied to a uniform field (ganzfeld) can evoke hallucinatory colours and forms. The mechanisms underlying the phenomenon
of flicker-induced colours are not well understood but may provide insights into the neural basis of colour perception in general. We
aimed to investigate the correspondence between specific flicker frequencies and particular illusory colours. Participants completed a
dichoptic matching task over two sessions. To one eye, we presented intense ganzfeld flicker using an LED stroboscope. To the other
eye, we presented a disc on an LCD display with adjustable hue and saturation. In the first session, we asked participants to make matches
while exploring the available flicker frequency range (3-38 Hz). Whenever participants observed hallucinatory colours at a particular
frequency, we asked them to match all the colours they saw by adjusting the colour of the matching disc. In the second session, we
presented the frequencies at which they had made matches in the first session and again asked them to match any hallucinatory colours
they perceived. We analysed our data using a permutation-based approach, where we compared colour differences between matches
made at the same frequency over the two sessions with colour differences between matches made at randomly selected frequencies.
At the group level observed colour differences between sessions were significantly smaller than permuted colour differences, both for
hue angle and for CIE u'v’ Euclidian distance (both p < 0.01). At the level of individuals, there were significant differences for only a subset
of participants. Our results imply that flickering white light presented at specific frequencies can reliably induce illusory percepts of
specific colours. Our findings are consistent with a hypothesis that a temporal code could contribute to cortical colour representations.
Acknowledgements: This work was funded by the ERC grant 949242 COLOURCODE to JB.
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Task-irrelevant signals are ubiquitous in our visual world and interfere with the processing of task-relevant signals if they are not
effectively filtered out. A particular challenge arises when task-irrelevant and task-relevant signals are paired over a long period of time,
as inefficient filtering could lead to perceptual learning of each signal. Here we addressed three critical questions that are important for
understanding how the brain deals with task-irrelevant signals. First, does the effectiveness of filtering depend on the perceptual salience
of a task-irrelevant signal? Second, does the filtering of a task-irrelevant signal already occur in early visual areas? Third, which neuronal
mechanisms are involved in filtering out a task-irrelevant signal? We trained 24 participants on a visual exposure task in which they were
presented with a task-irrelevant signal (coherent motion in one direction) in the visual periphery while performing a relevant rapid-serial-
visual-presentation task at central fixation for twelve sessions on separate days. In half of the participants, the task-irrelevant signal was
perceptually weak (near detection threshold for coherent motion), whereas for the other half it was strong (highly salient). Functional
magnetic resonance imaging and spectroscopy were conducted while participants performed the exposure task before the first and after
the final training session. The results showed, first, that perceptual learning occurred for the weak but not salient task-irrelevant signal,
second, activation in early visual areas increased with training for the weak but not salient task-irrelevant signal, and third, glutamate in
early visual areas was lower before and after training for the salient task-irrelevant signal than for the weak one. This suggests that
filtering out a salient task-irrelevant signal involves downregulation of glutamate in early visual areas, which may reduce neuronal
excitability to this signal and thereby prevent perceptual learning from occurring. However, this filter mechanism fails with a weak task-
irrelevant signal.

Acknowledgements: Deutsche Forschungsgemeinschaft (DFG): Emmy Noether Grant (Project Number 491290285); Universitat
Regensburg: UR Fellows.
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The effectiveness of pointing- and gaze-cues in spatial attention

Wieske van Zoest?!, Adam Higgins?!

LUniversity of Birmingham (UK)

Recent work suggests that the pointing hand on an outstretched arm is a more powerful cue than the gaze-cue, suggesting these social
cues are not equal. The aim of this study is to investigate differences between gaze- and pointing-cues, looking specifically at saliency,
spatial proximity, and trial context. A cartoon figure was designed to present four types of cues: 1) a gaze-cue, 2) a peripheral pointing
cue on an outstretched arm, 3) a central pointing cue presented over the torso of the body, and 4) a flower cue matched for low-level
features to the peripheral pointing cue. Cue validity was non-predictive, meaning there was no strategic incentive to follow the cue. To
test the impact of trial context, different cue types were presented randomly within blocks (Experiment 1) or tested in separate blocks
(Experiment 2). In Experiment 3, trials were mixed within blocks but the total number of gaze- and gesture cues were balanced, and
stimulus-onset asynchrony was manipulated. Across all three experiments, the results showed that the pointing cue was a more effective
cue than the gaze-cue. The impact of the pointing cue could not be explained by low-level salience or spatial proximity to the target. Trial
context did affect the effectiveness of the gaze-and pointing-cue, suggesting that spatial cues are influenced by overall context and
shaped by expectations. It is concluded that not all social cues are alike. While the label ‘social’ given to embodied cues like the gaze-
and pointing-cue can be useful in descriptive sense, the predictive validity of this categorization is debatable.
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An investigation of square wave jerks in Parkinson's disease, progressive supranuclear palsy and healthy controls

Alessio Pietro Facchin?, Andrea Quattrone?, Jolanda Buononcore!, Marianna Crasa?, Aldo Quattrone?

IMagna Graecia University (IT)

Progressive Supranuclear Palsy (PSP) is a neurodegenerative disorder characterised by parkinsonism, postural instability, cognitive
impairment, and ocular motor dysfunctions. One of the criteria used for the diagnosis of PSP is the presence of square wave jerks (SWJ).
The purpose of this study is to characterize the SWJ in PSP, Parkinson's disease (PD) and healthy controls (HC) to define a specific
diagnostic cutoff based on this behaviour. A series of 40 healthy controls, 55 PD patients and 38 PSP patients performed a 5 second
fixation task when eye movements were recorded. To determine the best predictor of PSP, different parameters of SWJ were compared.
60% of HC, 74% of PD and 94% of PSP patients perform SWJ with different amplitude and duration. With an AUC of 0.88 for PSP to HC
and 0.78 for PSP to PD, the sum of all SWJ performed was found to be the best parameter to classify PSP to HC and PD respectively.
Cutoff points that balance sensitivity and specificity are respectively 1.37° and 1.88°. The sum of SWJ amplitude can be used for PSP
diagnosis. As a new video-oculographic biomarker, this index could be used in conjunction with vertical eye movements to differentiate
PSP from PD and HC.
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Cézanne’s Madame and Klimt’s Dame — Serial dependence in appreciation of art portraits

Pik Ki Ho!, Gregor Hayn-Leichsenring?

IHeriot-Watt University (UK), ZUniversity Hospital Jena (DE)

Serial dependence refers to the assimilation of recently perceived stimulus attributes into the computation of the current percept.
Previously, we have reported that serial dependence in facial attractiveness judgements was greatly reduced when faces shown in
succession differed in gender and a serial contrast effect was found when the nature of aesthetic judgement required changed across
trials (attractiveness of faces vs beauty of scene). Here we asked whether serial dependence occurred in facial attractiveness and
aesthetic merit judgments of art portraits and whether the gender of portrayed characters and the artistic styles of paintings interrupted
the assimilation of judgements across trials. In a series of experiments, participants were asked to rate either the attractiveness of the
portrayed characters or the beauty of the paintings in quick succession (4 identical blocks of 50 randomised trials). In one condition, all
paintings were in the same artistic styles (either Baroque, Impressionist, or Expressionist) but the gender of the portrayed character
could vary from one trial to the next; while in another, the artistic style, but not the gender, varied. Serial dependence was modelled as
a function of the attractiveness or beauty of the immediately preceding painting and the difference in the average rating between the
current and the preceding paintings. A positive assimilative effect was found in all conditions, although its magnitude was reduced for
attractiveness (but not aesthetic) ratings for only Baroque paintings when there was a change in character gender in successive trials.
Artistic style was also found to have similar modulating effects whereby a change in style attenuated serial dependence for both
judgements. These findings suggested that serial dependence can be attenuated depending on the category membership (e.g. gender,
style) of recently viewed stimuli and whether the categorisation process was relevant and occurs before an aesthetic judgement is made.
Acknowledgements: This research is funded by internal research grant awarded to GHL.
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Target selection during "snapshot" foraging

Joe Macinnes?, Sofia Tkhan Tin Le2, Arni Kristjdnsson?

1ISwansea University (UK), 2University of Iceland (IS)

This study was aimed to investigate the characteristics of attentional selection during foraging tasks. While previous studies have
identified key variables that affect attentional selection, they are often influenced by the overall characteristics of the tasks. To address
this limitation, we designed a foraging task that involves a sequence of local "snapshots" of foraging displays, allowing for tighter control
of local target and distractor ratios while maintaining the essence of a sequential, multiple-target foraging task. During each snapshot,
observers are presented with only six items, including varying numbers of two target types and two distractor types. After each selection,
a new six-item array immediately appears centered on the location of the last selected target. We analyzed the data by comparing feature
and conjunction-based foraging and examining the proportion of different target types in each trial. Our results indicate that the
proportion of target types affects selection, with longer response times during conjunction foraging when the number of alternate target
types is greater than the repeated target types. Furthermore, the selection of targets in each snapshot is influenced by the relative
positions of previously selected targets and distractors. This study highlights the extent to which previous findings on foraging can be
attributed to the changing overall statistics of the foraging array. The use of "snapshot foraging" in our study offers a promising method
for enhancing experimental control and improving our understanding of how people select targets during continuous attentional
orienting.

Symposium 1 - Increasing diversity in person perception research

Bias for White Al faces: A hyperrealism effect

Amy Dawel?, Elizabeth Millerl, Ben Steward?, Zak Witkower?, Clare Sutherland3, Eva Krumhuber*

LAustralian National University (AU), 2University of Amsterdam (NL), 3University of Aberdeen (UK), 4University College London (UK)
Faces are the linchpins of our social world, conveying people’s identity, age, gender, emotions, and social intentions. However, the stimuli
used to study face perception have often lacked diversity and ecological validity. Here, we present data showing that face perception
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studies have over-relied on highly controlled stimuli, a method that neglects the complex and multifaceted nature of facial information
integral to real-world interactions. We consider key examples that show how the inappropriate use of artificially posed expressions and
computer-generated images has distorted scientific knowledge. Moving forward, researchers are being tempted to replace human face
stimuli with highly realistic Al-generated images. While Al-generated images offer a chance to rapidly and cheaply improve stimulus
diversity, their use still needs to be approached with caution due to potential biases and physical differences from human faces. Our
work shows that White Al faces, but not Al faces of other races, appear more realistic than human faces—a “hyperrealism” effect—which
we argue is due to racial bias in algorithm training datasets. Our work also shows that there are still physical differences between Al and
human faces, which humans are sensitive to but misinterpret in Al face detection tasks. We conclude by discussing how to ethically
leverage the promising new Al image generation tools in vision science, with a focus on preserving scientific integrity so that we might
truly advance understanding of human perception.

Capturing variability in child faces using an artificial, but highly realistic set of children’s faces

Sophia Thierry?, Barbora lllithova?2, Catherine Mondloch?, Alex Todorov3, Stefan Uddenberg3, Daniel Albohn3, Clare Sutherland?#

1Brock University (CA), 2University of Aberdeen (UK), 3University of Chicago (US), *University of Western Australia (AU)

There is a growing call for face perception research to use more naturalistic images to better represent the faces we see in everyday life.
Face stimulus sets that include naturalistic images are becoming increasingly common, but children’s faces are still underrepresented.
To increase the availability of child faces for research purposes, we created the Artificial Child Face Database, a set of 500 artificially
generated yet highly realistic images of children. To validate the faces, adult participants estimated the age, gender, race, and emotion
of the faces in the database. The images are diverse in age (3-11 years) and race (representing 15 different racial groups). While Al-
generated images offer a large and diverse sampling of faces, they also present their own set of challenges, such as ethical issues with
how images are selected for training algorithms and questions surrounding whether perceptions of Al faces are comparable to those of
real faces. In the preceding presentation, A/Professor Amy Dawel will discuss the physical differences between Al and human faces.
Building on this discussion, our study examines differences in the social impressions children and adults form of Al-generated children’s
faces from the Artificial Child Face Database, varying in emotional expression, ethnicity, and age to real but tightly controlled images of
children’s faces. Our work highlights the importance of increasing the diversity of child face stimuli while also addressing the ethical
challenges associated with sourcing images of children for research purposes.

Does diversity in facial age influence first impressions?

Anita Twelel, Catherine Mondloch?

1Brock University (CA)

When participants view images comprised exclusively of young or older adult faces, a two-dimensional model (trustworthiness,
dominance) of first impressions emerges. When naturalistic images that vary in age are used, a third dimension (youthful/attractiveness)
emerges. It is unknown whether this third dimension is attributable to naturalistic images, or to diversity in face age. In daily life older
adults are often encountered among young adults—a context that might increase the role of age stereotypes and influence first
impressions. The present study examined whether diversity in face age influences spontaneous first impressions of young and older adult
faces. Young and older adult participants (n=634) provided written, spontaneous first impressions in one of three conditions: older faces,
younger faces, or intermixed. Stimuli were highly controlled with neutral expressions. Utilizing a natural language processing approach,
participant responses were coded into stereotype content dictionaries (warmth, competence, appearance, health, emotion). We
measured the proportion of responses that fell into each dictionary, and the valence (positive/negative) of each response. A similar
pattern of results emerged across participant age and condition. The proportion of responses varied as a function of face age for four
dictionaries (higher for younger faces for the competence and appearance dictionaries; higher for older faces for the health and emotion
dictionaries). There was minimal evidence that face age influenced valence. These findings are consistent with dimensional theories of
first impressions. Warmth/trustworthiness emerges as a primary and stable dimension across both face age and perceiver age, while the
second dimension (here, competence) varies with face age. Our findings suggest that diverse stimuli elicit subtle differences in first
impressions, with references to appearance and health (aspects of youthful/attractiveness), as well as competence, varying across face
age. Diverse and naturalistic stimuli in research on visual and perceptual processes is essential to increase generalizability.
Acknowledgements: Social Sciences and Humanities Research Council of Canada.

First impressions from faces and bodies

Ying Hu?, Alice O'Toole?

LInstitute of Psychology, CAS (CN), 2The University of Texas at Dallas (US)

Faces and bodies serve as canvases for our snap judgments of others’ personalities, but how do these visual cues combine when we form
these impressions? This study delves into the interplay of facial and bodily information in shaping our first impressions. Experiment 1
demonstrates that the contribution of faces and bodies to whole-person perception varies with the trait judged: agreeableness traits are
inferred primarily from faces, conscientiousness traits from bodies, and extraversion traits from the whole person. A control condition
confirms that both clothing and body shape influence whole-person judgments. Experiment 2 reveals that the context of the whole
person biases ratings of faces and bodies, suggesting that our judgments are skewed by the broader visual context. These findings suggest
a more intricate interaction between face and body trait perception than previously thought. A novel framework is proposed to explain
the integration of face and body in trait perception, incorporating perceptual and nonperceptual determinants, trait formation, and
integration, as well as factors such as the rater, the person rated, and the situation. This study reveals the subtleties in how we come to
see and judge one another, underscoring the need to consider the traits under scrutiny and the context of these judgments. Building
upon these insights, our study advocates for a more comprehensive framework that integrates context in face perception research,
emphasizing the complexity and the critical need for diversity in the study of vision and perception.

Acknowledgements: The author Y.H. was supported in part by the Scientific Foundation of Institute of Psychology, Chinese Academy of
Sciences (No. E1CX4625CX) while preparing this manuscript.
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Symposium 2 - Statistical learning in visual perception: How does the visual system process
probabilistic information in the environment?

Learning Environmental Statistics with Feature Distribution Learning

Andrey Chetverikov?!

1University of Bergen (NO)

The visual world might look chaotic as it varies from moment to moment and from one location to another. However, there are certain
regularities. Leaves on a tree might have green-yellow hues, while the sidewalk would be mostly gray. In other words, the features of
different objects correspond to different probability distributions. In the last decade, a series of studies have used a new behavioral
approach coined Feature Distribution Learning (FDL) to study how such environmental statistics are learned. In this approach, observers
perform an odd-one-out search task with distractor features in each trial drawn from a given probability distribution for several trials.
Afterward, in a test trial, the experimenter varies the similarity between the search target and previously shown distractors. Changes in
the search times in test trials then reveal how observers represent distractor feature distributions. In this talk, | will review the major
findings obtained using FDL: (1) that people can learn feature distributions quickly and with surprising accuracy; (2) that this approach is
more sensitive than explicit tests, such as 2AFC, in testing the knowledge of feature distribution properties; (3) that observers combine
information about distributions of different features and their locations; and (4) that these distributions affect our perception. | will also
highlight some of the apparent limits to what can be learned about environmental statistics and discuss the outstanding questions.

Explicit Attentional Goals Unlock Implicit Spatial Statistical Learning

Nancy Carlisle?, Ziyao Zhang?

1Lehigh University (US), 2University of Texas- Austin (US)

In visual search, research often focuses on top-down or bottom-up drivers of attention. However, past experience can also be important
in shaping attentional guidance. In probability cuing, people quickly learn probabilistic spatial distributions of targets and develop
attentional biases to target-likely regions. These statistically learned implicit spatial biases have been shown to be persistent, where the
bias developed in one visual search task can transfer to other visual search tasks. However, in the real world our targets change
frequently, suggesting that our spatial biases should be able to quickly update based on our goals. In this talk, | will provide evidence for
goal-specific probability cuing, where spatial biases are updated on a trial-by-trial basis depending on the search target. This work
challenges existing attentional theories, as it shows the target template is not merely a currently activated target representation in
working memory. Our template also activates associated spatial information gained through implicit statistical learning, which helps
guide attention. This work is also important to the probability cueing literature, as it shows that although statistically learned implicit
biases may be persistent and inflexible in certain contexts, our goals can flexibly activate these biases. This highlights how goals may be
a critical determinant of when implicitly learned information is utilized in task performance. As our targets in the real world are often
defined by category (e.g. grab the mug), we expected the spatial priority map learned for specific exemplars from a category to transfer
to other category members. This is what we found. Therefore, this type of fast statistical learning of spatial associations may underlie
some of the benefits found in visual search in scenes. On the whole, our research shows explicit search goals can unlock implicit
probability cueing, providing a flexible integration of goals and statistical learning to guide attention.

Location cueing from color distributions

Philippe Blondé?, Sabrina Hansmann-Roth?, David Pascucci?, Arni Kristjansson?

University of Iceland (IS), 2Ecole Polytechnique Fédérale de Lausanne (CH)

Our visual system shows great ability at picking up statistical regularities in the environment. One example of such a mechanism would
be probability cueing, where the location of a target can be predicted based on its spatial regularities. However, the extent to which
priority mapping of the target depends on the context properties is still largely unknown. Here we investigated whether differences in
color ensembles can be used as a cue to detect statistical regularities in target location. In our first experiment, 39 participants searched
for an oddly colored target in a 6 x 6 set of colored diamonds. On each trial, the set was drawn from one of two color distributions
centered on different color averages. Each distribution was associated with different target location probabilities, with an 80% chance
that the target would appear on the left side of the display for one distribution, and on the right side for the other distribution. We found
that, in the second half of the experimental session, participants were faster at locating the target and, crucially, they were the fastest if
the target appeared in the high probability location corresponding to the current colored ensemble. In a second (24 participants) and
third experiment (15 participants), the performed task was the same, but this time, the distributions had different variance while being
centered on the same color average. In both experiments, we found no evidence that search times were faster when the target appeared
in a high probability location. These results show that different priority maps can be assigned to targets depending on the context
properties, but also reveal important limitations to such learning.

Learning spatial statistics to resist distraction by color singletons and luminance transients. Different mechanisms?

Matteo Valsecchi?

lUniversita Di Bologna (IT)

Efficient search requires that we direct our attention towards targets and ignore other salient objects that might distract us.
Conveniently, in a familiar environment we can learn to expect where salient distractors might appear, and use this information to better
ignore them. This form of statistical learning is evident in the additional singleton paradigm, where observers look for an oddball shape
while attempting to ignore color singletons that occasionally appear within the search array. If a color singleton appears in a display
region where distractors are frequent, distraction will be weaker (Distractor Location Effect). Conversely, if a target appears in that
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region, responses will be slower (Target Location Effect). This may indicate that statistical learning leads to suppression of the distractor-
associated location in a priority map where stimuli compete for attention, also consistent with the finding that distraction is maximal
when color singleton distractors and shape singleton targets appear nearby, a possible sign of enhanced competition. But does this
explanation hold also in the case of distractors that appear suddenly and in isolation, i.e. without simultaneous competition from other
stimuli, specifically luminance transients? After replicating the findings with color singletons, in the case of luminance transients we
found again a significant distractor location effect, but no target location effect and reduced costs when distractor and target were near.
We interpret our results as indicating that in the case of luminance transients, in the absence of competition, experience is not used to
reduce distraction by means of suppression in a priority map. Instead, the costs associated with re-orienting attention towards the target,
after capture has taken place, might be reduced. Our findings confirm that experience can help us to cope with distraction, but this is
achieved through different mechanisms and at different levels depending on the specific stimuli and task constraints.

High-level prediction errors in low-level visual cortex

David Richter!

ICIMCYC, University of Granada (ES)

Perception and behaviour are significantly moulded by expectations derived from our prior knowledge. Hierarchical predictive processing
theories provide a principled account of the neural mechanisms underpinning these processes, casting perception as a hierarchical
inference process. While numerous studies have shown stronger neural activity for surprising inputs, in line with this account, it is unclear
what predictions are made across the cortical hierarchy, and therefore what kind of surprise drives this upregulation of activity.
Leveraging neuroimaging techniques, such as fMRI, and visual dissimilarity metrics derived from a deep neural network we arbitrate
between two hypotheses: (1) prediction errors may signal a local mismatch between input and expectation at each level of the cortical
hierarchy, or (2) prediction errors may be computed at higher levels and propagate down the visual cortical hierarchy. Our results are in
line with the second hypothesis. Prediction errors in both low- and high-level visual cortex primarily scaled with high-level, but not low-
level, visual surprise. This scaling with high-level surprise in early visual cortex strongly diverges from feedforward tuning, indicating a
shift induced by predictive contexts. Mechanistically, our results suggest that high-level predictions may help to constrain perceptual
interpretations in earlier areas thereby aiding perceptual inference, and thus bolster a core hypothesis of hierarchical predictive
processing theories, that predictions are relayed top-down to facilitate perception.

Talk Session 1 - Motion Perception

Perceived Speed-in-Depth is Affected by Adaptation to Binocularly and Temporally Anti-Correlated Stimuli

Lauren Murray?, Ross Goutcher?!

University of Stirling (UK)

The theory of efficient coding provides an alternative account of binocular coding, whereby disparity-sensitive neurons operate through
two channels: one that sums left and right eye inputs, and one that takes the difference. We applied this model to an investigation of
motion-in-depth perception, selectively adapting these channels in a 2-alternative-forced-choice speed-in-depth discrimination task.
Participants adapted to binocularly and/or temporally correlated and anticorrelated 1/f noise patterns at a range of temporal
frequencies, with adaptors presented above and below fixation, counterbalanced across blocks. Following adaptation, participants were
asked to judge which of two random-dot surfaces had the faster motion-in-depth, with responses used to recover psychometric functions
for speed-in-depth discrimination. Under an efficient coding account, an anticorrelated stimulus should preferentially adapt the
differencing channel, leading to a reduction in perceived speed. Conversely, a correlated stimulus should adapt the summation channel,
leading to an increase in perceived speed. Our results were consistent with these predictions: points of subjective equality (PSEs) were
shifted toward slower speeds in the locations where anticorrelated adaptors were presented, and toward faster speeds where correlated
adaptors were presented. These patterns of adaptation were evident at a range of speeds and were present regardless of whether
adaptor correlation was manipulated between eyes or over time. Our findings thus provide evidence to extend summation/differencing-
based efficient coding into the temporal domain and demonstrate the importance of both binocular and temporal efficient coding for
motion-in-depth perception. Evidence of adaptation to each of these stimulus types also demonstrates a role for both changing disparity
and interocular velocity difference motion-in-depth cues. We consider the implications of these findings for the neural processing of
motion-in-depth.

Strategy-induced across-trial variability explains seemingly anti-Bayesian effects in perceived motion

Tyler Bridgewater?, Tom Freeman?, Christoph Teufel!

ICardiff University (UK)

Motion perception is biased towards slower speeds when sensory noise increases. This classic finding can be explained in Bayesian terms
by the increasing influence of a slow-motion prior. Recently, however, Rideaux and Welchman (2020) suggested that increased sensory
noise can sometimes be accompanied by no change in bias, challenging both the classic finding and Bayesian interpretation. We
replicated this result in three experiments by injecting speed noise into drifting gratings in a standard two-interval speed-matching
paradigm. We too found no change in the average point-of-subjective-equality, despite consistently shallower slopes of the psychometric
function. Importantly, however, these indices of bias and sensory noise can be misleading when using a speed-noise manipulation. To
inject speed noise, positional jitter is added to the stimulus in such a way that the average speed across the whole interval equals the
target speed assigned to that interval. However, our analysis revealed that observers did not average over the whole trial but over shorter
sections, a strategy that produces a mismatch between the assigned speed and the effective speed driving performance. The latter varies
across trials in an uncontrolled fashion, contaminating the psychometric function’s slope and point-of-subjective-equality. Using detailed
computational modelling, we show that the variability in effective stimulation across trials leads to a shallower slope, incorrectly
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suggesting an increase in sensory noise; but it cannot lead to an increased influence of the slow-motion prior within a given interval.
Hence the point-of-subjective-equality remains unchanged. Additionally, variability in effective stimulation can induce artifactual biases
towards (seemingly) faster or slower perceived speeds. Overall, these findings demonstrate that strategy-induced, across-trial variability
corrupts indices of sensory noise and bias, and can account for the seeming anti-Bayesian findings in our experiments and those of
Rideaux and Welchman. These results have wider implications for psychophysical testing, computational modelling, and
conceptualisations of ‘noise’.

The Motion Induced Position Shift on target and cursor items: an optimal control account

Loes van Dam?, Borja Aguado?

ITechnical University of Darmstadt (DE), 2GRAD Atencié a la Diversitat. Psychology Department. Faculty of Education, Translation, Sports
and Psychology. Universitat De Vic - Universitat Central De Catalunya (ES)

When a moving pattern is presented on a stationary object, the location of the object is misperceived in the direction of pattern motion:
the Motion Induced Position Shift (MIPS). Here we used the MIPS illusion as either a moving target or a self-controlled cursor to
investigate how visual information is used in continuous target-tracking tasks. In our experiments, the MIPS-object was represented as
a limited-life-time random-dot stimulus in which we independently varied the uncertainty in the position of the MIPS-object by changing
the size of the dot-cloud, the uncertainty in the pattern motion by varying the distribution of individual dot velocities, and the pattern
speed. By looking at tracking errors in the direction of pattern motion we quantified effects of the MIPS for target and cursor objects.
Results show that the MIPS effect increased with increased positional uncertainty for target objects but less so for cursor objects;
decreased with increased velocity uncertainty; and varied non-linearly with pattern speed. We modelled these outcomes using an
optimal control framework (LQG). Our model uses the current system state estimate, consisting of target and cursor positions and
velocities and motor control input, to predict the state and expected feedback on the next time-stamp in a feedforward manner.
Predictions are then compared to the actual sensory feedback from vision (target and cursor) and proprioception (only cursor) to correct
prediction errors in the estimated state. The LQG-model explains our empirical findings by assuming: a) that for the cursor, sensory
information from vision and proprioception is integrated in an optimal fashion before this is fed back into the system state; b) uncertainty
in the visual velocity is subject to a Weber fraction. In short, the results for our MIPS-continuous-tracking task can be accounted for by a
model that combines optimal multisensory integration with optimal control.

Perception of ambiguous multi-component Motion-Clouds varies with image statistics and observers’ interpretation of integration-
segmentation cues

Andrew Meso?, Jonathan Vacher?, Nikos Gekas3, Pascal Mamassian?, Guillaume S. Masson®

IKing's College London (UK), 2Universite Paris Cite, CNRS (FR), 3Edinburgh Napier University, Edinburgh (UK), “Laboratoire des Systemes
Perceptifs, Ecole normale superieure, PSL University, CNRS (FR), °Institute de Neurosciences de la Timone Aix-Marseille Univ, CNRS (FR)
We use both Maximum Likelihood Distance Scaling (MLDS) and a Forced Choice (FC) motion component task to study the perception of
ambiguous stimuli made of two components moving in the same direction with a range of 11 speed differences. Each briefly presented
stimulus can be perceived as coherent, transparent or some intermediate interpretations including shearing or non-rigid. We study how
stimulus parameters: spatial frequency, bandwidth and temporal characteristics influence the perceived stimulus differences (MLDS)
and reported speed component separation (FC). In the MLDS task, participants were able to perceptually order motion stimuli according
to their physical (component speed difference) distance. Moreover, such perceptual ordering is highly dependent on the central
frequency and bandwidth properties. Broader bandwidth and higher central frequency components appear more distinct across the
range of speed differences tested than the narrow bandwidth and lower frequencies. Lower frequencies tend to show a more abrupt
perceptual shift within the speed difference range, so that there is a steep change in perceived difference earlier and a flatter region
with higher stimulus similarity later. Participant individual differences are observed in the trends consistent with different perceptual
interpretations. The FC task results are distinct in their patterns from the MLDS task: the psychometric curve from the broadest
bandwidth condition is steeper on average than for the narrowest bandwidth, and most shallow for the low frequency condition. For
complex motion stimuli, MLDS therefore offers an informative window into the segregation and integration of information which
depends on frequency content. Richer broadband stimuli seem to afford more options for the perceptual organization of complex moving
stimuli than narrowband counterparts. The current findings support the notion that a multidimensional motion processing space is used
to disambiguate visual motion stimulation.

Studying Precision and Temporal Dynamics in Heading Perception with Continuous Psychophysics

Bjoern Joerges?

York University, Toronto (CA)

It is a well-established finding that more informative optic flow (e.g., faster, denser, or presented in a larger portion of the visual field)
yields increased precision in heading judgements. Current models of heading perception further predict faster processing under such
circumstances, which has, however, to our knowledge not been shown empirically so far. In this study, we validated a novel paradigm
by replicating the effect of the speed and density of optic flow on precision, and we investigated how these manipulations affected the
temporal dynamics. To this end, we tested participantsin a continuous psychophysics paradigm administered in Virtual Reality. Immersed
in a simple virtual environment, they experienced four 90-second blocks of optic flow where their heading direction at any given moment
was determined by a random walk. We asked them to continuously indicate with a joystick in which direction they were moving. In each
of the four blocks they experienced a different combination of simulated self-motion speeds (SLOW and FAST) and density of objects in
the environment (SPARSE and DENSE). Using a Cross-Correlogram Analysis, we determined that more informative optic flow led to faster
adjustments and a higher precision in participant responses. Modelling the data using a Kalman filter further showed that perceptual
noise was, indeed, higher in conditions with less informative optic flow. Overall, we validated the use of continuous psychophysics for
heading perception and further established that more informative optic flow does not only increase precision in heading judgements,
but also speeds them up.
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Perceptual consequences of neural anisotropies

Qasim Zaidi?, Akihito Maruya?

IState University of New York (US)

Shape-from-motion models generally assume object rigidity, but that disregards the fact that organisms deform non-rigidly for
performing many actions. We have shown that horizontal rotation of two rigidly connected circular 3D rings can appear rigid or nonrigid
with the rings wobbling and rolling independently, depending on speed and shape. The nonrigid percept arises from populations of
motion energy cells signaling motion orthogonal to the contour and is countered by feature-tracking and shape-based priors. Surprisingly,
perceived non-rigidity increases if the video is rotated by 90°. At a speed of 6 deg/sec, 4 observers picked vertical rotation as more
nonrigid than horizontal on 95% of the comparisons. The vertically rotating rings appear narrower horizontally and longer vertically, so
we tested whether the shape misperception explains the increased non-rigidity. To match the shape of each of the physically circular
rings, observers stretched the rings in the orthogonally rotated images horizontally (approximately 20-30%). Perceptually matching the
shapes reduced the non-rigidity anisotropy by less than 40%, suggesting that motion direction may also play a role. The divergence, curl,
and deformation of a velocity field indicate changes in depth, rotation, and slant. We wrote equations for physical rotation combined
with physical wobbling (weights k=0-1), and calculated the div, curl and def analytically as a function of the motion phase. The variability
of all three gradients increased with the weight of wobbling. We calculated velocity fields for rings that were exclusively rotating
horizontally or vertically and then extracted the gradients. The gradients were similar for the two orientations. However, when we
matched numbers and tuning widths of motion energy filters to measured V1 anisotropies before calculating velocity fields, the gradients
for vertical rotation corresponded closer to physical wobbling (k=0.91) than those for horizontal rotation (k=0.48). Hardwired population
anisotropies in V1 thus affect high-level percepts like object non-rigidity.

Acknowledgements: NEI grant EY035085.

Talk Session 2 - Attention

Local and inter-areal communication of auditory prediction error information is selectively modulated by visual attention

Juho Aijal3?, Louis Roberts?, Robin Ince3, Dora Hermes, Michael Jenssen, Kai Miller, John Garbi, Max Garagnani, Andres Canales-Johnson
1University of Cambridge (UK), 2Goldsmiths University of London (UK), 3University of Glasgow (UK), “Mayo Clinic, Rochester (US)

A major question in vision science is how sensory demands in vision can affect global information dynamics in the brain. We present
results from 14 patients with intracranial electrodes (stereoelectroencephalography) across their cortical hierarchy. The patients are
either attending to auditory stimuli (roving oddball task) or the auditory stimuli is played to them while attending to an unrelated visual
attention task. Using information theoretic methods, we investigate how informational dynamics of auditory prediction errors are
modulated by visual attention. We compute mutual information (Ml) between event related potentials from electrodes from relevant
cortical areas (temporal and frontal) and the experimental stimuli (deviant/non-deviant tones). This method differs from standard
approaches of network neuroscience. Instead of computing shared information between multiple sites in the brain, we compute the
information (in bits) electrodes across the cortical hierarchy encode about the identity of the tones (standard/deviant). We show that
local communication of prediction error information is selectively modulated by attention: attending to the visual task increases
prediction error encoding in the temporal cortices but reduces encoding in the frontal cortex. Furthermore, by computing co-information,
a measure capable of decomposing signals into redundant and synergistic information, we show that information about prediction errors
is encoded redundantly and synergistically both within and across cortical areas, and that both types of information are modulated by
attention. By employing a brain-constrained neural network to simulate the task, we show that synergistic information in the model only
emerges with strong, higher-order forward and backward links. Thus, we present three primary findings: (1) Local and inter-areal
communication of prediction error information is selectively modulated by visual attention, (2) This modulation is present in redundant
and synergistic information in the brain, and (3) Neurocomputational results: synergistic information encoding in the brain might reflect
higher-order forward and backward links between cortical areas.

Dynamic modulations of glutamate with visual attentional load in posterior parietal cortex

Sinah Wiborg?, Markus Becker?, Antonia Wittmann?, Zhiyan Wang?, Sebastian M. Frank?!

lUniversitat Regensburg (DE)

Glutamate is a chief excitatory neurotransmitter in the central nervous system. It is essential for communication between neurons and
the basis of brain activity. Despite this importance, it is not yet well understood what role this messenger plays in visual attention in
humans. Studies using indirect measures of brain activity such as functional magnetic resonance imaging (fMRI) showed that as visual
attentional load increases, the blood-oxygenation-level-dependent (BOLD) response increases in posterior parietal cortex (PPC) but not
in early visual cortex (EVC). The question of the research presented here was whether glutamate concentration would be dynamically
modulated specifically in PPC with changing visual attentional load in a similar manner to the BOLD response. We used functional
magnetic resonance spectroscopy (fMRS) using 3-Tesla MRI to measure the concentration of glutamate in a time-resolved fashion in PPC
while participants (n=12) performed a visual multiple object tracking (MOT) task with different levels of attentional load. During MOT
participants tracked either two (low load) or four (high load) moving target disks among moving distractor disks. The MOT task was
presented using an fMRS-design in which 16s-long trials with low and high load were presented in random order followed by a baseline
interval jittered between 8s, 16s, and 24s with central fixation. Glutamate concentration was measured continuously using 2s-long Point
RESolved Spectroscopy (PRESS)-scans. In a separate run, fMRS was measured in EVC while participants performed the same MOT task.
The results showed increased glutamate concentration in PPC during high compared to low load. No load-dependent modulations of
glutamate were found in EVC. This suggests that visual attentional load modulates glutamatergic processing dynamically in PPC and
highlights the potential of fMRS to measure task-dependent activity in selected brain regions as an alternative to fMRI.
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Attentional guidance through object associations in visual cortex

Maélle Lerebourg?, Floris P. de Lange!, Marius V. Peelen?

1Donders Institute, Radboud University (NL)

Efficient behavior requires the rapid attentional selection of task-relevant objects. Previous research has shown that target-selective
neurons in visual cortex increase their baseline firing rate when participants are cued to search for a target object. Such preparatory
activity represents a key finding for theories of visual search, as it may reflect a top-down bias that guides spatial attention, favoring
processing of target-matching input for subsequent report. However, in daily life, visual search is often guided by non-target objects that
are neither externally cued nor reported. For instance, when looking for a pen, we may direct our attention to the office desk where we
expect the pen to be. These “anchor objects” (e.g., the desk) thereby guide search for associated objects (e.g., the pen) in scenes. Here,
we used fMRI and eye tracking to test whether preparatory activity during visual search represents the target (the pen), the guiding
anchor object (the desk) or both. In an anchor-guided search task, participants (N=34) learned associations between targets and anchors
and searched for these targets in scenes. To fully dissociate target from anchor processing, target-anchor associations were reversed
across different scene contexts. Participants’ first fixations were reliably guided towards the target-associated anchor. Importantly,
preparatory fMRI activity patterns in lateral occipital cortex (LOC) represented the target-associated anchor rather than the target.
Whole-brain analyses additionally identified a region in the right intraparietal sulcus (IPS) that represented the anchor. Our results show
that preparatory activity in visual cortex represents a self-generated guiding template, supporting visual search in structured daily-life
environments.

Acknowledgements: This project received funding from the European Research Council (ERC) under the European Union's Horizon 2020
research and innovation program (grant agreement No. 725970) awarded to M.V. Peelen.

Emergent Neural Signatures of Human-like Covert Attention in Convolutional Neural Networks

Miguel Eckstein?, Sudhanshu Srivastaval

1University of California Santa Barbara (US)

In the last three decades, studies have characterized the mechanisms of visual attention using psychophysics, modeling, and
neurophysiology. A common approach has been to experimentally define a manipulation of covert attention using predictive cues (e.g.,
Posner cueing paradigm) and then study how covert attention alters perceptual performance and neural activity. The modeling has
invariably involved investigators explicitly building into the model an attention mechanism (gain change, noise reduction, Bayesian priors,
divisive normalization) that modulates information at the “attended location”. The attentional benefits and mechanisms are often
interpreted in the conceptual framework of limited attentional resources. Here, we take a different approach. We train a convolutional
neural network (CNN) to maximize the detection of a tilted line (50 % presence) with a spatially predictive cue and additive noise. The
CNN is not trained on human behavioral or primate neural data. We do not explicitly incorporate any attentional mechanism into the
CNN that processes the cued location differently. The task-accuracy optimized CNN generates an emergent cueing effect comparable to
that observed in humans. Critically, using system neuroscience tools, we characterize the tuning properties of each of 1.8 million CNN
neurons to understand how the network integrates the cue, target, and locations to give rise to the cueing effect. The CNN shows
emergent neural signatures of covert attention consistent with neurophysiological studies: increasing cue influence with processing
across the visual hierarchy, cueing effects emerging after integration across locations, and cue modulation of target neural responses
following contrast gain, response gain, and baseline shift. Our analysis also reveals the role of new neuron types not yet reported in
neurophysiology: location opponent neurons. Together, the results show that a biologically plausible network optimizing task
performance and no limited resource or explicit attention mechanism, results in behavioral and neuronal signatures of human-like covert
attention.

Multivariate EEG markers of lapses in visual attention within a dynamic environment

Benjamin Lowe?

IMacquarie University (AU)

While crucial for daily tasks, sustaining attention is effortful. Attentional lapses are common and, unfortunately, have the potential to
result in fatal consequences (e.g., when driving). In this pre-registered project, we aimed to develop methods to detect multivariate
patterns within EEG data indicative of behavioural misses in our Multiple Object Monitoring (MOM) task, which are assumed to result
from spontaneous lapses in sustained visual attention. In the MOM task, multiple concurrent moving dots, of either an attended (i.e.,
task-relevant) or unattended colour, travel along visible trajectories on course to collide with an obstacle at central fixation. On a variable
proportion of trials, the dots are automatically deflected away from the collision at a set point in the trajectory. Dots that fail to
automatically deflect require a behavioural response by the participant to prevent a collision if they are the attended colour (i.e., targets).
We collected EEG data from participants completing this task under an ‘active’ condition (50% target frequency), in which behavioural
performance shows attention can be effectively sustained. We then quantified a proxy measure for how well each dot was encoded
during the task from representational dissimilarity matrices characterising the pairwise dissimilarities for 15 discrete distance-from-
obstacle bins along the trajectory before the automatic deflection point. This method was successful in decoding the trajectory of each
dot from neural data, and showed that the distance-from-obstacle information was stronger for attended dots compared to unattended
dots. We further found that when a target was missed, this correlated with a drop in distance-from-obstacle information up to one
second before the deflection point, compared to detected targets. Importantly there were no visual differences between hit and missed
dots. These results suggest that spontaneous lapses in selective visual attention result in a transient loss of neural information, similar
to when stimuli are unattended.

Acknowledgements: Australian Research Council: DP220101067 to ANR and AW.

Characterizing the Interaction of Spontaneous Fluctuations in Sustained Attention and Learned Adjustments in Attentional Flexibility

Anthony Salil, Anna Toledo?, Yuxin Xie!, Madison Shaver?, Austin Torain?, Isabel Flickerl, Emily Oor?!
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Individuals regularly anticipate upcoming demands and adjust their readiness to shift attention, decreasing the cost associated with

shifting attention as the shift likelihood increases. However, the extent to which learned fluctuations interact with spontaneous changes
in the efficacy of sustained attention remains unknown. Across two studies, we propose and test a model of the interaction between
fluctuations in sustained attention and learned attentional flexibility, unifying these two areas of research using behavioral signatures
(Experiments 1 and 2), pupillometry (Experiment 1), and functional magnetic resonance imaging (Experiment 2). In this model, the dorsal
and ventral attention networks detect violations of- and update predictions for shift readiness, while ongoing changes in default mode
network activity account for spontaneous fluctuations in the efficacy of sustained attention and attentional flexibility. Participants
completed a variant of the gradual continuous performance task with two side-by-side continuous streams of stimuli. They detected
frequent targets among distractors at a to-be-attended stream, made a saccadic eye movement or held attention in response to
embedded visual cues, and made a subsequent digit categorization as a measure of shift readiness. We manipulated the frequency of
shift cues and observed modulations of shift costs and saccade latencies as evidence of learned attentional flexibility. Periods of poor
sustained attention, as derived from trial-by-trial target detection response time variability, were associated with above and below
average pupil sizes, consistent with models of arousal, and with larger learned modulations of attentional flexibility. This indicates that
trial history plays a larger role in updating shift readiness when the focus of sustained attention is poor. Brain activity within the dorsal
and ventral attention networks scaled with shift readiness prediction errors and this association was distinct from sources of spontaneous
changes in shifting readiness. Together, our results provide a unified account of within subject variation in attentional control.
Acknowledgements: National Institutes of Health Grant: RISMH127491.

Talk Session 3 - Social Perception

Abstraction of Mind in Pictures and the Medusa Effect

Alan Kingstonel, Salina Edwards?, Oliver Jacobs?, Rob Jenkins3

1UBC (CA), ZMcMaster University (CA), 3University of York (UK)

Throughout history, humans have favoured depicting things with minds in pictures. We report that abstraction in pictures diminishes
perceived mind, a phenomenon called the Medusa effect. Specifically, people appear more real and higher in Agency and Experience
when presented directly as pictures rather than as pictures of pictures. As mind perception underpins moral judgement, depicted persons
may receive greater or lesser ethical consideration, depending on the level of abstraction. Consistent with this, we show that viewers
are less generous towards more abstracted individuals. Finally, we report individual differences in the Medusa effect, as well as an ability
to control it both qualitatively and quantitatively.

Acknowledgements: NSERC.

Converging evidence that left extrastriate body area supports visual sensitivity to social interactions

Kami Koldewyn?!, Marco Gandolfo?, Etienne Abassi4, Eva Balgova3, Paul Downing?, Liuba Papeo®

1Bangor University (UK), 2Radboud University (NL), 3Aberystwyth University (UK), *McGill University (CA), ®Institut des Sciences
Cognitives, Marc Jeannerod (FR)

Navigating our complex social world requires quickly identifying and processing the interactions we observe. Recent psychophysical and
neuroimaging studies provide parallel evidence that the human visual system may be attuned to efficiently perceive dyadic interactions.
This work implies, but has not yet demonstrated, that activity in body-selective cortical regions causally supports efficient visual
perception of social interactions. We adopt a multi-method approach to close this important gap. First, using a large fMRI dataset (N=92),
we found that the left-hemisphere Extrastriate Body Area (EBA) responds more to face-to-face than non-facing dyads. Second, we
replicated a behavioural marker of visual sensitivity to interactions: the categorisation of facing dyads is more impaired by inversion than
it is for non-facing dyads. Third, in a pre-registered experiment, we used fMRI-guided transcranial magnetic stimulation (TMS) to show
that online stimulation of the left EBA, but not a nearby control region, abolishes this selective inversion effect. This work demonstrates
that activity in left EBA, thus, causally supports the efficient perception of social interactions.

Acknowledgements: This project has received funding from the European Research Council under the European Union's Horizon 2020
research and innovation programme (ERC-2016-STG-716974: Becoming Social; awarded to K. Koldewyn), (ERC-2017-STG-758473 —
THEMPO: awarded to L. Papeo)

Uncanny valley for dynamic bodies in nonhuman primates

Martin A. Giesel, Lucas Martinil, Anna Bognar?, Rufin Vogels?

ICIN / HIH Univ of Tiibingen (DE), 2Dept. of Neuroscience, KU Leuven (BE)

Virtual agents and robots that are very similar to humans often cause aversive emotional reactions, compared to prefer perfectly realistic
and unrealistic agents. This effect is called the uncanny valley (Mori, Energy, 1970). An uncanny valley has also been described for faces,
and more recently also for the static and dynamic face perception of non-human primates (Steckenfinger et al., PNAS, 2009; Siebert et
al., eNeuro, 2020). Whether monkeys show an uncanny valley effect for bodies is unknown. METHODS: Classical motion-capture
animation is not applicable for monkeys since they do not tolerate reflecting markers on their bodies. Popular video-based tracking
methods (such as DeeplLabCut) are not accurate enough for 3D computer animation, or require too much hand-labelling. We developed
a multi-camera video-based tracking approach that produces accurate tracking data at high frame rates, requiring hand labelling of only
2 frames per second. We animated a commercial monkey avatar and created degraded versions of it and compared these stimuli to real
videos of the same actions. Fixation behavior of 8 monkey observers was quantified. RESULTS: We found a significant uncanny valley for
body perception. In addition, the fixation behavior of the animals did not differ significantly between the real video and the non-degraded
avatar. CONCLUSIONS: As humans, monkeys show an uncanny valley also for dynamic bodies. This supports the homology of the
underlying processing mechanisms. In addition, our methods generate avatars that are perceived as fully realistic by macaque monkeys.
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A visual search advantage for communicative interactions over independent actions

Anthony Atkinson?, Quoc Vuong?

IDurham University (UK), 2Newcastle University (UK)

There is evidence that the human visual system processes interacting agents as a unified whole, rather than each agent independently,
to infer social interactions. For example, in visual search paradigms, there is a search advantage for face or body pairs that face each
other compared to those that face away or in the same direction. In these studies, facing direction serves as a proxy for interaction, but
evidence of a search advantage for actual (dynamic) interactions is currently lacking. We therefore used a visual search paradigm to test
whether people are better able to find communicative interactions between agents in a crowd. Participants viewed arrays of point-light
dyads and searched for an interacting dyad amongst a set of non-interacting dyads, or for a non-interacting dyad amongst a set of
interacting dyads, with targets present on half the trials. Interacting dyads displayed communicative gestures between the two agents.
In Experiment 1, participants were faster and more accurate to detect the presence of interacting than non-interacting target dyads.
They were also more efficient searching for interacting targets, as reflected by shallower search slopes. These findings were replicated
in Experiment 2, where we also used eye tracking. Participants made more and longer fixations for target compared to distractor dyads,
regardless of whether the targets were interacting or not. The findings suggest that spatio-temporal contingencies between agents
during communicative interactions can lead to more holistic processing and facilitate visual search. However, participants did not need
to fixate overtly on the agents for this visual search advantage from these contingencies. Future studies that manipulate communicative
interactions and non-interacting dyads (e.g., facing direction) can help relate fixation patterns to visual search performance.

Dissociation between Social and Visual Information in Dynamic Social Interaction Processing

Yun Chen?, Yu-Xuan Xue?, Xin-Yu Xie?

1East China Normal University (CN)

When processing perceptual information, individuals are influenced by past experiences, leading to attraction or repulsion towards
previous information. However, it remains unclear how past experiences impact the processing of complex social interaction perception,
which includes various visual cues like distance and facing orientation of two persons. This study aims to discern the roles of social
information and visual cues in dynamic social interaction processing. Participants observed two avatars displayed on the screen at
different distances and facing orientations and performed either a social interaction judgment task (judging whether the avatars were
interacting) or a distance judgement task (whether the distance between them was exceeded a standard distance). The prior and test
stimuli were alternately presented, where the prior provided definite interaction or distance judgments, while the test introduced strong
uncertainty in both tasks. The results revealed that past social interaction states exert an attractive effect on current interaction
perception. Participants were more inclined to perceive interaction in the test stimuli when the prior stimuli were interactive compared
to non-interactive (61.3%+3.2% vs. 55.8%+3.1%, p = 0.039). This attractive effect only evident when the prior involves interaction rather
than distance judgment task (p = 0.514). On the contrary, past visual cues exhibit a repulsive effect on current interaction perception.
Participants were more likely to perceive interaction in the test stimuli when adapted to pairs of avatars with larger facing angle (more
similar to non-interactive) compared to non-adapted baseline (70.5%+4.0% vs. 60.8%+3.8%, p = 0.011). These findings highlight a distinct
mechanism underlying the integration of past social and visual information, whereby current social interaction representation tends to
be biased toward past interaction states, but being influenced by visual cue representations that may deviate from past visual cues. This
extends the temporal mechanism of generative perceptions from sensory perception to social information processing.

Evidence of a third functional visual pathway

Simon Rushton?, Mason Wells, Phoebe Asquith

ICardiff University (UK)

The idea the human brain has two visual pathways, one ventral, one dorsal, is widely accepted. However, at least three groups have
independently suggested there is a third visual pathway. The hypothesised third pathway has variously been proposed to be a division
of the dorsal pathway; a pathway specialised for fast motion processing; or a pathway specialised for social perception. A standard
technique to identify brain networks is to collect measurements of brain activity (BOLD) in an MRI scanner data while the observer is at
rest (typically looking at a fixation point against a blank screen) and then fractionate the brain into networks by performing Independent
Components Analysis (ICA) with a dimensionality (20-30) on the data. This technique separates out dorsal and ventral network
components, but conspicuously provides no evidence of a third pathway. We investigated whether a third functional visual network
would be revealed when the brain was in a natural state, actively processing naturalistic visual stimuli. 21 observers watched a ~20min
clip from a Hollywood action movie. We performed ICA on the data and found an additional visual network component segmented off
from the dorsal network component. It was a lateral component that included the motion processing complex (MT+/V5) and extended
into the superior temporal sulcus (STS). We replicated the finding with an independent dataset, the public domain, HBN-SSI. Usefully the
HBN-SSI dataset included not only data collected during rest and data collected when watching Hollywood movies, but also data from
observers watching abstract geometric animations (“Inscapes”). The Inscapes dataset resembled the resting state data, a lateral
component was not present. The location of the lateral pathway, and its disappearance when viewing the inscapes animations, is most
compatible with the proposal of a third lateral visual pathway specialised for social perception.

Acknowledgements: ESRC grant (ES/S015272/1).

Talk Session 4 - Clinical Vision

Decreased scene-selective activity within the posterior intraparietal cortex in amblyopic human adults
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Introduction: Amblyopia (lazy eye) is a developmental disorder associated with reduced performance in visually guided tasks, including
navigation within natural environments, even with binocular viewing. Currently, our understanding of amblyopia impacts on higher-level
visual areas, especially those that are selectively involved in navigation within scenes, remains very limited. To fill this gap, we used
functional MRI (fMRI; 3T), to study the amblyopia impact on the functional organization of scene-selective cortical areas, including the
posterior intraparietal gyrus scene-selective (PIGS) area, a newly discovered region that responds selectively to ego-motion within
naturalistic environments (Kennedy et al., 2024). Methods: Eighteen amblyopic adults (11 female; 18-56 years old) and twenty-four age-
matched controls (12 female; 22-40 years old) participated in this experiment. The amblyopic participants (8 strabismic, 9 anisometropic,
and 1 deprivational) spanned a wide range of amblyopia severity, based on the interocular visual acuity difference (0.02 — 1.08 LogMAR)
and stereoacuity (40 to >400 arcsec). During the scans, participants were presented with binocular, non-stereoscopic images of natural
scenes, faces, and intact/scrambled objects. Results: Compared to controls, the size of the PIGS was reduced significantly in amblyopic
individuals (p=0.01; corrected for multiple comparisons). This effect was associated with a weaker scene-selective activity within PIGS
(p<0.01). Both effects were detectable in strabismic and anisometropic individuals without any apparent difference. In comparison, the
size of the occipital place area (OPA), parahippocampal place area (PPA), and retrosplenial cortex (RSC), as well as the level of scene-
selective activity within them remained comparable between amblyopic and control participants (p>0.10). Moreover, the level of activity
evoked within V1, V6, and LOC remained comparable between the two groups (p>0.10). Conclusion: These results provide novel and
direct evidence for amblyopia-related changes in scene-processing networks, preparing a foundation for future studies to potentially link
these changes across the spectrum of documented disabilities in amblyopia.

The perceptual characteristics of phosphenes induced via intracortical electrical stimulation of the visual cortex

Leili Soo?, Alfonso Rodill, Fabrizio Grani!, Rocio Lopez-Peco?!, Marcos Adrian Villamarin Ortiz, Aranzazu Alfaro Saez!, Cristina Soto-
Sanchez?!, Eduardo Fernandez?!

IMiguel Hernandez University of Elche (ES)

Electrical stimulation of different areas in the visual hierarchy induces ‘phosphenes’, small dots of light, which can be used as building
blocks to provide prosthetic vision to the visually impaired. To explore the potential of intracortical electrical stimulation as an interface
for visual neuroprosthesis, we implanted a Utah Array consisting of 96 penetrating electrodes into the early visual cortex of four blind
human volunteers. In this study, we focus on the perceptual characteristics of the phosphenes; information which is particularly difficult
to acquire from non-human subjects. In different experiments, the participants were asked to describe, draw, discriminate or rate their
subjective perception of phosphenes stimulated via single or multiple electrodes in varying parameters. We recorded the shape, size,
brightness, colour and duration of phosphenes. We found that the phosphene shapes induced by both single and multiple electrodes
varied from a single dot to complex shapes in different sizes. The stimulation via a combination of electrodes resulted in phosphene
shapes different from the additive of the single electrodes. Additionally, one of the volunteers perceived phosphenes in different colours,
including white, yellow, green and orange. Higher brightness and larger size phosphenes were generally induced by stimulation
parameters inserting more charge. The duration of a single stimulation train was perceived as a brief phosphene by three of the
volunteers; however, much longer phosphenes were perceived in response to a single stimulation in one of the participants. Our findings
show that intracortical electrical stimulation administered to the early visual cortex can elicit phosphenes which exhibit varying
appearances among individuals. These differences may stem from slight variations in the implantation site, the underlying cause of vision
loss, or the duration of blindness experienced by each individual. Further investigation is needed to understand and guide the stimulation
methods that lead to the most appropriate subjective perceptions.

Acknowledgements: This work has been supported by grants DTS19/00175 and PCD2022-133952-100 from the Spanish Ministerio de
Ciencia Innovacién y Universidades, by grant PROMETEO/2019/119 from the Generalitat Valenciana, by the European Union’s Horizon
2020 research and innovation programme under grant agreements No 899287 (NeuraViPeR) and Marie Sktodowska-Curie No 861423
(enTRAIN Vision), and by the Bidons Egara Research Chair of the University Miguel Hernandez.

Altered Perception of the Bistable Motion Quartet in Albinism

Jirgen Kornmeier?, Elisabeth Quanz?, Khaldoon O. Al-Nosairy?, Charlotta M. Eick?, Michael B. Hoffmann?

Institute For Frontier Areas of Psychology and Mental Health & Medical Center, University of Freiburg (DE), 2Department of
Ophthalmology, Otto-von-Guericke University, Magdeburg (DE)

The motion quartet (MQ) consists of two alternatively appearing and disappearing pairs of dots located on the diagonal corners of an
imaginary rectangle. It is perceived as two dots moving either horizontally or vertically as a function of the ratio between horizontal and
vertical dot distances (aspect ratio, “AR”). At AR = 1 perception should be ambiguous, but the literature indicates a strong vertical bias.
Typical explanations postulate easier motion processing within brain hemispheres (vertical motion perception) compared to a necessary
interplay between the hemispheres (horizontal motion perception). Persons with albinism (PWA) have an abnormally large number of
crossing neurons at the optic chiasm. As a consequence, a larger part of the right and left visual hemifields are represented on both brain
hemispheres. This should result in a significantly reduced MQ vertical bias in PWA, which we investigated in the present study. 14 PWA,
12 participants with nystagmus, but normal optic chiasm (PWN) and 11 healthy controls (HC) observed ambiguous MQ stimuli and
reported the direction of perceived motion. We varied the AR between 0.75 and 1.25 and compared vertical motion percept probabilities
as a function of AR between groups. For HC, the vertical motion percept probability increased as a sigmoid function of increasing AR with
a strong vertical motion percept bias. In contrast, PWA showed the opposite, i.e. a surprisingly strong horizontal bias independent of the
AR. The PWN were in between PWA and HC. The strong horizontal bias observed in PWA and PWN might partly result from the horizontal
nystagmus. The even stronger horizontal bias in PWA compared to PWN, given comparable fixation instabilities, indicates an additional
role of the intra-hemispherical co-representation of both visual hemifields. Our findings open opportunities to better understand altered
visual pathway conditions and to identify them with a perception-based test using the MQ.

Acknowledgements: Supported by funding of the German Research Foundation (DFG; #655841) to MBH (HO-2002/10-3).
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Objectively Measuring Sight Rescue in Severely Vision-Impaired Young Children Following Gene Therapy

Marc Pabst?, Yannik Laich?, Kim Staeubli2, Roni Maimon-Mor?, Steven Scholte3, Peter Jones*, Michel Michaelides?, James Bainbridge?,
Tessa Dekker?
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Recent breakthroughs in ocular gene therapy hold significant promise for treating inherited retinal diseases (IRDs), the prevalent cause
of blindness in children and young people. IRDs compromise the retina's structure and function, with severe forms leading to complete
loss of light sensitivity in early childhood. However, significant challenges remain in objectively characterising the effects of new
therapies, particularly for very young children. Vision-impaired toddlers and children typically struggle to keep their gaze focused on
visual stimuli or provide consistent responses, and traditional assessments typically are heavily reliant on subjective evaluations by highly
trained clinical specialists. To develop objective measures of therapeutic effects complementing existing assessment, we used child-
friendly neuroimaging and gamified testing approaches. Using steady-state visual evoked potentials (ssVEP) measured with EEG, we non-
invasively recorded cortical responses to flickering sinusoidal gratings with varying spatial frequencies. To ensure engagement we
integrated gratings within personalised age-appropriate videos. Additionally, we used a novel reaching-behaviour test embedded in a
child-friendly iPad game that involved searching and tapping moving Gabor patches of varying spatial frequencies. Applying these
protocols, we obtained objective measures of visual sensitivity in two young children with Leber Congenital Amaurosis aged 5 and 6 years
who had received gene therapy 3 years prior. As both children were treated in only one eye, the remaining eye provided a within-subject
comparison. In both children, our tasks revealed substantially stronger visual cortex responses and better behavioural task performance
for the treated than the untreated eye. The improvements observed are remarkable, especially when considering the typical progression
of the disease and the benefits of available ocular gene therapies. This is likely facilitated by the exceptionally early time of intervention,
minimising retinal degeneration and maximising neural plasticity. Establishing sensitive, child-friendly and objective measures for
evaluating early treatment effects is critical for advancing the field of ocular therapy.

Changes in primary visual and auditory cortex of blind and sighted adults following echolocation training

Lore Thaler!, Tom Hartley?, Liam J Norman?

1Durham University (UK), 2University of York (UK)

Recent work suggests that the adult human brain is very adaptable when it comes to sensory processing. In this context it has also been
suggested that structural ‘blueprints’ may fundamentally constrain neuroplastic change, e.g. in response to sensory deprivation. Here,
we trained 12 blind participants (BPs) and 14 sighted participants (SPs) in echolocation over a 10-week period, and used MRI in a pre-
post design to measure functional and structural brain changes. We found that BPs and SPs together showed a training-induced increase
in activation in left and right V1 in response to echoes. BPs and SPs also showed a training induced increase in activation in right Al in
response to sounds per se (i.e. not echo-specific), and this was accompanied by an increase in grey matter density in right Al in BPs and
in adjacent acoustic areas in SPs. These findings are difficult to reconcile with the view that sensory cortex is organised by modality, as
both sighted and blind participants showed increased echo-acoustic related activity in V1 in response to echolocation training. The
similarity in results between SPs and BPs is also consistent with the idea that reorganization may be governed by similar principles in the
two groups.

Acknowledgements: UKRI Biotechnology and Biological Sciences Research Council Grant BB/M007847/1 to LT.

Unanticipated Brain Reorganization Mechanism in Blind Spatial Navigation Learning

Lora Likova?l, Zhangziyi Zhou?, Michael Liang?, Christopher Tyler?

ISmith-Kettlewell Eye Research Institute (US)

The visual motion complex (hMT+) has shown unexpected versatility in tasks beyond motion perception. We investigated this extended
functionality and its reorganization through learning in blind individuals using the rapid Cognitive-Kinesthetic Memory-Drawing Training
(initially developed for the manual domain by Likova), which was translated to the full-scale navigation domain. Methods: Blind
participants underwent the Cognitive-Kinesthetic Memory-Drawing Training using tactile maps. Pre- and post-training whole-brain scans
were conducted with a Siemens 3T Prisma scanner. Participants haptically explored and memorized maps with one hand (30 s); after 20
s rest, they drew the maps from memory with the opposite hand (30 s). Results: Despite the absence of vision and visual motion, hMT+
was activated by both non-visual tasks, moreover, revealing significant interhemispheric functional asymmetry. The left-hand haptic-
memory encoding task exclusively engaged the right-hemisphere hMT+, while the right-hand map-drawing from haptic memory task
activated hMT+ bilaterally. Post-training analyses unveiled a previously unknown type of massive brain reorganization in the blind,
forming large clusters around hMT+ with consistent left/right asymmetry. Thus, neighboring visual areas with well-known functional
distinctions in the sighted, were reshaped into large functionally-unified clusters in the blind. Granger Causal connectivity analysis
comparatively examined the pre/post-training network organization of the newly formed cluster’s ROIs, motor, somatosensory, and
memory areas. Conclusions: The findings of this study on spatial navigation significantly enhance our knowledge of non-visual
functionality of hMT+ and have profound implications for understanding the functional architecture of spatial navigation and principles
of brain reorganization through learning.

Acknowledgements: NIH/NEI RO1 EY024056.
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Investigating the mechanisms of global confidence
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Global confidence plays a crucial role in decision-making processes by enabling individuals to assess their overall task performance. The

calibration of global confidence is essential, as miscalibration could lead to misjudgments of one's skills and abilities and affect larger-
scale decisions. The present study sought to understand the formation of global confidence from finer-level local confidence through
two experiments. In Experiment 1, participants were tasked with deciding which of two presented boxes contained more dots and rated
their (local) confidence of being correct for each trial. At the end of each short block, participants were asked to assess their confidence
in their performance across the entire block (global confidence). Some trials were made memorable by presenting a memorable image
before the perceptual stimulus, while other trials were tagged with forgettable images in the same way. No significant difference was
found in how local confidence contributed to global confidence between memorable and forgettable trials. However, we considered it
possible that manipulations of memorability more proximal to the local confidence assessment may have a greater effect. Experiment 2
sought to address this hypothesis by directly manipulating the local confidence reporting phase. Participants were informed that certain
trials carried the potential for a bonus based on their performance, with this information revealed only after reporting local confidence.
Results indicated that the meta-metacognitive sensitivity - the ability to relate global confidence to local confidence - was more disrupted
in blocks containing these special trials, as if these trials inserted more noise in the global confidence formation process. Additionally,
both experiments revealed a recency effect in the formation of global confidence from local confidence judgments. These findings shed
light on the dynamics underlying how global metacognition is informed by local confidence and emphasises the importance of further
exploration in understanding how individuals calibrate their metacognitive judgments.
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The impact of rotation on shape recognition is dependent on curvature features

Gunnar Schmidtmann?

1University of Plymouth (UK)

The human visual system is exposed to a vast number of objects. Each of these objects can create an infinite number of 2-D images on
the retina, because the object’s size, rotation, perspective, etc. vary relative to the observer. Yet, human object recognition is largely
independent for a wide range of naturally occurring transformations. This invariance of object recognition continues to be a challenge
for some shape transformations in computer vision. For instance, methods like convolutional neural networks can be invariant to scale
and translation but not to rotation. We previously investigated the role of shape curvature features, i.e. convexities and concavities in
shape recognition for a variety of curvilinear planar shapes with well-defined convexities, concavities, and intermediate regions,
segmented to isolate each feature type. Observers had to match a segmented reference shape to one of two subsequently presented
re-scaled and re-positioned whole-contour shapes (target and distractor). Results showed that for dot-sized segments, performance was
significantly higher for convexities compared to concavities and intermediate points, and independent of segment length. Convex
curvature maxima contained sufficient information to match it to a whole-contour shape. In the current study, we employed the same
paradigm and stimuli, but the influence of rotation was tested by applying rotation angles (+5° - 90°) to the target shape. Results show
that for convexities, performance decreased with increasing rotation angle, but reached chance level for rotation angles of ~30°.
Performance was independent of segment length. For concavities and intermediate segments, however, subjects performed at chance
level for all segment lengths, except when the reference shape was an unsegmented (continuous) shape. These results suggest that
points of convex curvature maxima are critical features for recognizing this class of planar shapes.
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Watch your step: Similar gaze behavior during perturbed walking in younger and older adults

Sabine Grimm?, Jutta Billino?, Wolfgang Einhduser?!

IChemnitz University of Technology (DE), 2Justus Liebig University Giessen (DE)

Gaze behavior during active locomotion allows us to adjust the gathering of visual information to situational and personal needs. For
instance, when walking over difficult terrain, by directing our gaze more frequently to the ground, we prioritize gait-related information
to prevent falling. Here we focus on the question whether such prioritization changes over the adult lifespan. 24 older (60-80 years) and
24 younger (20-40 years) participants walked on a split-belt treadmill along a path in a virtual-reality landscape projected to a 240-
degrees screen. In a condition mimicking difficult terrain, the left or right belt of the treadmill occasionally accelerated during a single
step resulting in a backward slip of the foot as if slipping on ice. Such gait perturbations could be accompanied by a visual cue (an
approaching virtual patch of ice on the path), allowing for its anticipation. In another condition, the gait perturbations occurred at
unexpected times without a visual cue. We further included blocks of unperturbed walking as control. Eye tracking and motion capturing
were used to extract participants’ gait kinematics, head and eye movements, as well as their pupil diameter. During unperturbed walking,
we find differences in gait parameters between the age groups indicating a reduction of gait stability in the older participants. Median
gaze orientation and the fraction of time points during which gaze is allocated to the ground do not differ significantly between age
groups. In response to gait perturbations, gaze orientation was lowered, pupils dilated, and gait was adjusted. These effects occurred
anticipatorily when visual cues announced a perturbation. Perturbation effects on gaze parameters and on gait kinematics were largely
similar in both age groups. Thus, we conclude that gaze behavior is dynamically adjusted to situational demands and that such adaptive
processes, at least in our setting, are robust during healthy ageing.

Acknowledgements: This research was supported by the Deutsche Forschungsgemeinschaft (DFG, German Research Foundation) -
project number 222641018, SFB/TRR 135, B5.
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Attentional shifts involving objects - insights from pupillometry and individual differences in internal noise
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Object-based attention (OBA) refers to the enhanced processing of information within an attended object. Previous studies have shown
that OBA leads to relatively small and inconsistent effects compared to space-based attention—the enhanced processing of information
presented at a cued location. Additionally, the orientation of the attended object or whether attention is required to cross the horizontal
or vertical meridian seems to influence the size of OBA effects. Here, we focused on inter-individual differences and used various methods
to better understand the low consistency in OBA effects. We estimated individual levels of internal noise from trial-to-trial variability in
a double-pass procedure combined with an external noise paradigm and computational modeling. With the two-object paradigm of OBA,
the participant’s level of internal noise predicted the magnitude of their attentional-shifting cost when attention shifted horizontally but
not for vertical shifts — regardless of object orientation. Additionally, participants with low internal noise levels displayed significant
object-based effects only with horizontal objects. Evidence from attentional modulation of the pupillary light response (PLR) provided
further insights about attentional shifts involving objects. Using a single-object paradigm, we tested attentional shifts from a location
outside an object to a location inside an object or vice-versa. When the object was oriented vertically and shifts of attention were
horizontal, the PLR provided evidence that shifts requiring disengagement from an object were slower than those that did not involve
such disengagement. Interestingly, however, when a horizontal object was employed and the task required attention to shift vertically,
no evidence of attentional shifting emerged from the PLR, regardless of disengagement type. Taken together, these findings suggest that
the high variability and low reliability of OBA effects can be at least partially explained by low-level factors such as the level of internal
noise or the direction of attentional shifts.

Acknowledgements: Some of the experiments reported were supported by the German-Israeli Foundation for Scientific Research and
Development (GIF) Grant 1-1418-105.4/2017.
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Spatio-temporal interactions in visual crowding
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Crowding, where perception of a target is impaired due to the presence of nearby flankers, is mostly treated as a spatial phenomenon.
According to a common view, target information is irretrievably lost at early stages of visual processing, hence, temporal aspects cannot
be of any relevance. Here, we show that crowding can be modulated for durations of up to 1 second. Participants discriminated the
left/right offset of a vernier flanked by lines or cubes, all presented for 20 ms. Crowding was strong in both flanker conditions. When a
quick preview of the cubes and lines was given for 20 ms, crowding decreased for the flanking cubes but not for the flanking lines. The
same release of crowding did not occur when the flankers were shown after the display with the vernier and flankers (postview
condition). We argue that grouping across time plays a crucial role: when the flankers can be grouped away from the target, performance
improves. Our preview effect is robust and long lasting: crowding is weakened for ISls of up to one second, pointing to massive recurrent
interactions taking place. The release of crowding persists also when additional flankers are shown during the ISI, but only when the
elements are consistent with the grouping cues of the cuboids. Our results are predicted by the Laminart model, in which objects in the
scene are segmented in different layers through feedback connections. Crowding is weak when the flankers are segregated away from
the target. When this segregation cannot happen, we observe strong crowding. Giving a preview of the cubes provides the model with
sufficient time to isolate the target in a distinct layer from the flankers. Overall, our results highlight the fundamental role of grouping
mechanisms in spatio-temporal vision.
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Exploring the impact of image region importance for pleasure and interest on art image inspection

Maarten Leemans?, Johan Wagemans?

1KU Leuven, University of Leuven (BE)

When inspecting an artwork, one is often struck by details that invite further exploration. Some image regions contain more of these
details than others. To study their impact on perception and aesthetic appreciation, we define ‘details’ quite broadly as all possible image
inhomogeneities and acknowledge that they can differ widely in terms of size and importance. These image regions can therefore be
thought of as potential aesthetic hotspots. In the present study, we investigate whether viewers inspect these inhomogeneities more
frequently or for longer durations compared to other image regions. To address this question, we have developed image aesthetic maps
by mapping the importance of local image regions back onto the image across the whole image. In the first experiment, we generated
image aesthetic maps for images of paintings and artistic photographs selected based on a previous validation study. The images were
first decomposed into rectangular-shaped local image patches, which were then rated by a large pool of online participants on their
importance for the pleasure of, and interest in, the whole image. After a series of pooling, averaging, and smoothing steps, these ratings
provide the spatial distribution of the local aesthetic importance ratings for that image. In the second experiment, we recorded eye
movements to investigate whether the local aesthetic importance of an image region is predictive of visual attention to that image
region. In particular, we investigated the contribution of local aesthetic importance in predicting visual attention to images beyond their
low-level salience. Additionally, we investigated the relative contributions of pleasure and interest ratings in predicting visual attention
to image regions over time using a time-window analysis. We will present the results of both experiments and consider implications for
the role of local pleasure and interest ratings in the visual inspection of global images.

Acknowledgements: This work was supported by long-term structural funding from the Flemish government awarded to Johan
Wagemans (METH/21/02).
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Approach and retreat: Dynamically adjusting distance for size judgments in VR
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In everyday life we continuously make simple visual judgements about object properties (e.g. how big or wide is an object?). Such
judgments have been tested extensively in psychophysics when viewing objects on a computer screen at a fixed distance. However, in
the real world, we have an additional degree of freedom: approaching an object enlarges its retinal size, while retreating diminishes it.
Our goal is to test how observers dynamically adjust their position relative to the object to optimize size judgements for both large and
small objects. Observers viewed scenes with two rectangular prisms presented in a photorealistic virtual reality environment, starting
either 1 meter or 3 meters away from the object. They were instructed to adjust their position until the width difference between both
objects was most noticeable, and to select which of the two objects was wider. Each scene contained a standard object with a width of
1m, 0.5m, or 0.15m, alongside a comparison object whose width was presented at the same size or 5% or 10% larger or smaller. For near
starting points observers tended to move backwards prior to the width judgement, particularly for larger objects. Observers tended to
move forward for smaller objects, particularly for the far starting point. Therefore, the size of the standard object at the end of the trial
was more similar for both the near and far starting points, but it still varied systematically with object size; larger for the large objects,
and smaller for the small objects. As opposed to following the simple strategy of selecting a distance that makes all objects the same
retinal size, observers instead show a preferred size that varies with the object size tested. This effect was robust, regardless of the size
difference between the standard and test object.

Acknowledgements: Supported by the Deutsche Forschungsgemeinschaft (DFG; project number 222641018-SFB/TRR 135 Project A1)
and an Alexander von Humboldt fellowship to author AMA.
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The spatial-frequency selectivity in cyclopean vision may arise from the processing in the extrastriate cortex
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Previous studies have demonstrated the existence of multiple cyclopean spatial-frequency channels tuned to the spatial frequency of
sinusoidal corrugations (gratings in depth). Cyclopean masking experiments with narrowband noises, have shown that the disparity
thresholds, as a function of the mask's central spatial-frequency, have a band-pass shape, reflecting a band-pass selectivity of the
stereoscopic channels. One open question is the location of the physiological counterpart to these channels. The primary visual cortex
would be a good candidate, as in luminance channels. However, these masking results would be hard to reconcile with the known low-
pass response of V1 neurons to sinusoidal corrugations of different spatial frequencies. Here, we test this by conducting cyclopean
masking experiments and fitting the output of a spatiotemporal local cross-correlation model that approximates the disparity-energy
calculation in V1. Using dynamic random dot stereograms, we measure disparity thresholds for vertical and horizontal sinusoidal
corrugations with spatial frequency of 0.2c/deg masked by narrowband noises centered in five spatial frequencies (0.05, 0.1, 0.2, 0.4, &
0.8c/deg) and with three different noise power levels. Disparity thresholds, as a function of the mask center spatial-frequency, show a
band-pass shape with the maximum at the spatial frequency of the signal for both orientations and for the three noise levels. To obtain
the disparity thresholds from the model, we used the same stimuli as those used in the experiments. Fitted disparity thresholds from the
model as a function of the mask center spatial-frequency exhibit a low-pass shape for both orientations and three noise levels.
Consequently, this model, consistent with the physiology of the primary visual cortex, fails to account for the diminished impact of noises
centered on spatial frequencies lower than that of the signal. Therefore, the band-pass masking shape or the stereoscopic channel
selectivity, is probably caused by the processing in the extrastriate cortex.

Acknowledgements: Supported by grant PID2021-122245NB-100 from Ministerio de Ciencia e Innovacion (Spain) to ISP.
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Budget-friendly commercial OLED displays for vision science experiments

Tarek A. Haila?, Korbinian Kunst?, Julian Kalbes?, Tran Quoc Khanh?!, Thomas Wallis!

1ITU Darmstadt (DE)

Many experiments in vision science require precise control over the physical, colorimetric and photometric properties of presented light.
Most commercial display panels are not made to meet these requirements, for example, due to device-internal firmware that can silently
alter the requested display values in highly nonlinear ways. Liquid Crystal Displays (LCDs) have well-known drawbacks, particularly
regarding their slow temporal response and poor contrast. Organic Light-Emitting Diode (OLED) displays in theory have excellent
temporal and spatial properties, but previously measured devices showed various undesirable behaviours. Here we evaluate two recent
commercial OLED devices: an ASUS ROG PG27AQDM gaming monitor, with a native resolution of 2560 by 1440 pixels with 10 bits per
channel at 240 Hz, and a SAMSUNG GQ65S93CAT OLED 4K TV 3840 by 2160 with 10 bits per channel at 120 Hz, and compare them to
the VPIXX PROPIXX projector system (VPIXX Technologies Inc.) 1920 by 1080 with 12 bits per channel at 120 Hz. We measure luminance
uniformity, luminance linearity, channel independence and additivity, contrast ratios (on/off and simultaneous), colour accuracy,
response time and temporal stability. In general, both commercial monitors perform better than we initially expected. For example, the
ASUS monitor shows a very nice additivity property when compared to the reproduction of the grayscale, whereas the SAMSUNG exhibits
a noticeable non-linearity and strong non-additivity in which the luminance sum of the separate channels RGB tends to overshoot when
compared to the grayscale curve. Overall, the ASUS OLED with careful setup performs comparably with the PROPIXX system for most of
the tests. These results provide a positive outlook: some commercial OLED devices appear suitable and budget-friendly for many
precision-critical perception experiments. However, specific monitor settings critically influence display behaviour: careful calibration is
still strongly recommended.
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Compact Aerial Display With Scrolling Display in Two Directions by Using Slanted Slit-Shaped Retro-Reflector
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Digital signage using LED has become the most popular digital signage in a variety of applications. In recent years, signage using aerial
display technology in an empty space has been attracting attention. One of these aerial imaging technologies is aerial imaging by retro-
reflector (AIRR). AIRR is characterized by no need of special glasses, its high flexibility in its configuration, especially in enlargement.
However, larger the image size, more unnecessary space is required because of large diagonal beam splitters. Our previous study has
proposed the compact aerial display with a vertical slit-shaped retro-reflector in front of the light source, which reduces the unnecessary
space. Although this compact aerial display has a problem of image gaps by of slit-shaped retro-reflector, this problem can be solved by
subjective complementation using scrolling image. However, this compact aerial display has a limitation in scrolling direction, resulting
in a low content flexibility. In this study, we propose a compact aerial display with the slanted slit-shaped retro-reflector. In the
experiment, the slit angles of retro-reflector in front of the light source were 0 (horizontal), 15, 45, 75 and 90 (vertical) degrees and image
scrolling direction were vertical and horizontal. When the slit angle is 0 degrees (horizontal), subjective image complementation only
works in the vertical scrolling direction, and when the slit angle is 90 degrees (vertical), subjective image complementation only works in
the horizontal scrolling direction. On the other hand, when the slit angle is 15, 45, or 75 degrees, subjective image complement works in
both directions, and the entire aerial image can be seen.Thus, slanted slit-shaped retro-reflector can subjectively complement i mage
gaps of retro-reflector not only in the horizontal scrolling but also in the vertical scrolling, resulting a compact aerial display with a high
flexibility in the contents.
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Shopping with vision loss: Using VR to quantify the impact of simulated visual field defects
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Purpose: To quantify the relative impact of scotoma size and eccentricity on vision-related quality of life. Methods: Normally sighted
subjects (n=19; additional data collection ongoing) were asked to locate household products in a virtual reality supermarket. Participants
were able to physically move around the supermarket (body-tracking), using their hands to pick up prespecified items from shelves and
deposit them into a virtual trolley. The open-source “VARID” toolkit (varid.co.uk) was used to generate gaze-contingent scotomas of
variable size and eccentricity. Each participant experienced five of nine bilateral scotomas, varying in eccentricity (1° — 9°) and/or radius
(1°-9°). Outcome measures included task-completion times; quantities of head, eye, and body movements; and numbers of errors (e.g.,
number of items knocked over). Results: Participants spent longer searching for items in the presence of a 9° radius scotoma at 9°
eccentricity, versus no impairment (mean {95%Cl} increase vs. no impairment = 66 {12 — 120} seconds, P=.023). The effect was largely
unchanged when participants experienced a 6° radius scotoma at 6° eccentricity (mean {95%Cl} increase vs. no impairment = 58 {31 —
86} seconds, P<.001), and was reduced by only 35% when participants experienced a 1° radius scotoma at 1° eccentricity (mean {95%Cl}
increase vs. no impairment = 38 {4 — 72} seconds, P=.029). Further analyses are ongoing and shall also be reported. Conclusion: The
eccentricity of a scotoma, and specifically whether it impinges upon the point of fixation, greatly impacts performance on the present
visually guided “real world” search task, more so than the absolute size of the scotoma. More generally, this work demonstrates the
potential of immersive, interactive virtual reality environments to objectively quantify vision-related quality of life. Details of the virtual
reality environment and simulated scotomas, including how to obtain them, shall also be presented.

Acknowledgements: This project has received funding from the European Union’s Horizon 2020 research and innovation programme
under the Marie Sklodowska-Curie grant agreement No 955590.
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Changing Tracks: How visual presentations of travel itineraries impact the choice between plane and train
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Recognizing the negative environmental impact of air travel highlights the pressing need to reconsider our travel preferences, particularly
in scenarios where viable alternatives exist. Every air traveler knows that the total travel time includes more than just the flight time.
However, when comparing transport modes (e.g., airplane vs. train) for a journey, these additional times—for security checks and
baggage claims—are neglected, leading to an inflated perception of time savings through flying, thus making it seem a more attractive
choice than it should be. The question is whether a visualization of the entire travel duration in the form of a comprehensive itinerary at
the time of the decision can correct this bias and increase the likelihood of people choosing the train. A first randomized online study (N
= 608) showed that a comprehensive travel itinerary increased the likelihood of choosing the train from 66% to 79% compared to a
standard itinerary; this result is probably because the visualization emphasized the convenience of traveling by train. The follow-up study
(N = 383) examined how various factors—different travel distances, price scenarios and comfort levels (train routes with up to three
transfers)—impact the above-observed effect. We found that a comprehensive itinerary consistently increased train preference by an
average of 15%, even when flights saved over three hours, across different price conditions, and regardless of train route convenience.
Our study demonstrates the effectiveness of a simple visual nudge in encouraging sustainable travel choices, suggesting avenues for
future research to explore how these strategies can enhance decision-making across domains like health and sustainability.
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Unraveling the Coordination of Perceptually Relevant Alpha Oscillations: a Large-Scale Network Synchronization study
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Background: Recent findings indicate the existence of multiple perceptually relevant posterior alpha oscillations within the canonical
alpha-band (8-14Hz) that can be dissociated across time, frequencies, and anatomical domains. We hypothesize that changes in different
alpha sub-bands are associated with independent but coordinated mechanisms that facilitate attention and perception processing.
However, how these alpha-sub-band amplitude changes across frequencies and brain regions are coordinated remains unexplored. Aim:
We investigate whether large-scale network synchronization acts as a mechanism for coordinating attention-related modulations of
alpha-band amplitudes and behavior across alpha-sub-band frequencies and brain regions. Methods: MEG/EEG data were concurrently
recorded from 32 participants during covert visuo-spatial attention shifts (spatial cue) and two control conditions (neutral cue, no-
attention cue), while fixational eye movements were tracked. Data was reconstructed and collapsed into 200 parcel time series. Inter-
parcel phase synchrony was evaluated using weighed Phase Lag Index (wPLI) and imaginary Phase Locking Value (iPLV). Results: Our
data-driven analysis confirmed a triple dissociation in the timing, source, and spectral features of typical alpha modulations at the parcel
level. Ipsilateral alpha-increases occurred early, over occipital regions, at a high alpha-frequency (10-14Hz), specific to spatial attention.
Contralateral alpha-decreases occurred later, over parietal areas, at a lower alpha-frequency (7-10Hz), associated with attention
deployment in general. These dissociations were also linked with eye movements and were missed when using the alpha-lateralization
index, obscuring specific anatomical contributions to the well-known alpha asymmetry in attention. Large-scale network synchronization
analyses are underway to assess the functional significance of high-alpha and low-alpha phase synchronization in coordinating neuronal
communication during visuospatial attention. Conclusions: Our findings suggest that perceptually relevant alpha-increases may indicate
a reflexive mechanism filtering out irrelevant information, while alpha decreases reflect endogenously controlled mechanisms for
processing relevant information. We are currently exploring the role of large-scale network synchronization driving these proposed
mechanisms.
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Perceived Stereo Depth reflects Retinal Disparities, not 3D Geometry
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We present a new illusion that challenges our traditional understanding of stereo vision. Traditional ‘Triangulation” accounts of stereo
vision back-project from points on the retina to points in the world. This requires that stereo vision incorporates how binocular disparities
fall off with the viewing distance squared. By contrast, Linton proposes a ‘Minimal Model’ of stereo vision where perceived stereo depth
is simply a function (most likely a linear function) of the amount of disparity on the retina. We present a new illusion (the ‘Linton Stereo
Illusion’) to adjudicate between these two approaches. The illusion consists of a smaller circle (at 40cm) in front of a larger circle (at
50cm), with constant angular sizes throughout. We move the larger circle forward by 10cm (to 40cm) and then back again (to 50cm). The
question is, what distance should we move the smaller circle forward and back to maintain a constant perceived separation between the
circles? Constant physical distance (10cm) (‘Triangulation’) or constant disparity (6.7cm) (‘Minimal Model’)? Observers choose constant
disparity. This leads us to four conclusions: First, perceived stereo depth appears to be best captured by the ‘Minimal Model’. Second,
doubling disparity appears to double perceived depth, suggesting that perceived stereo depth is proportional to disparity. Third, changes
in vergence appear to have no effect on perceived depth. Fourth, stereo ‘depth constancy’ appears to be a cognitive (not perceptual)
phenomenon, reflecting our experience of a world distorted in perceived stereo depth.

Acknowledgements: Funding: Presidential Scholars in Society and Neuroscience, Center for Science and Society, Columbia University +
Italian Academy for Advanced Studies in America, Columbia University.
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Reading is a complex skill influenced by a child’s underlying neuro-biology as well as the environmental and instructional context.
Disentangling the influence of biological traits from environmental factors could support early identification and intervention for children
who are at risk of dyslexia and other struggles with reading. Our findings show that visual-processing measures may provide a window
into biological contributors of reading skills that are agnostic to language and socioeconomics. We tested the multi-element processing
(MEP -with letters (L) and pseudo-letters (P) - agnostic to script-type) and motion sensitivity (Motion, a non-script based) tasks that have
been shown to have the strongest evidence for identifying a subgroup of struggling readers not identified by conventional, language-
based measures. In a series of studies we leveraged item response theory (IRT) to design and optimize gamified, online versions of these
tasks to be quick, valid and reliable (MEP: 0.86, MP: 0.84), and easy for children in a school setting. We then administered these measures
to a large, diverse and representative sample of kindergarteners and first graders in California public schools (N = 1401). Our results
showed that task performance was equivalent in children who spoke English versus Spanish as a primary language as did children that
qualified for free and reduced price lunch versus those who did not, across all visual measures in kindergarten. We next examined each
visual measure as a predictor of reading development and found that (1) the MEP tasks account for 15.3% and (2) the Motion task
accounts for 4.6% of variance in end-of-year reading measures in kindergarten. Most screening measures are biased by environmental
factors leading to inequitable screening performance in a diverse-school setting. Our findings show that visual-processing measures
predict reading skills and are not affected by language proficiencies or socioeconomic status as early as kindergarten.
Acknowledgements: This work was supported by funding provided by the State of California, RO1HD095861, Stanford Maternal Child
Health Research Institute, and Stanford Impact Labs.
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Individual differences in 12-month-olds' pupillary responses to size and luminance of stimuli
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Development (DE)

Measurement of pupil dilation is increasingly applied to investigate cognitive processes in infants. However, in addition to psychologically
induced changes in pupil diameter, parameters such as differences in the stimulus' luminance or participants' gaze direction can affect
pupil measures. Infants are likely to move their eyes freely across a visual scene. Even if experimental conditions are generally controlled
for luminance, unpredictable fixation locations on stimuli that vary in luminance will lead to confounds or noise in pupil measurement.
In the adult literature, local pupil contrast was successfully measured with a 10° circular mask around fixations and used to adjust pupil
data. However, same-aged infants can vary considerably in their visual development. To our knowledge, it is not yet known whether
similar interindividual differences exist in infants' pupillary responses to luminance contrasts. Here, we investigate the possibility of
predicting pupil light reflexes in infants. Twelve-month-olds (N = 93) saw disks of different sizes (9.5°, 13°) and in two luminance levels
(light and dark grey) at several locations on a medium grey background, matching areas of interest (AOIs) in a larger pupillometry study.
Additionally, light and dark grey backgrounds were alternating without disks. Animated attention grabbers with the same luminance
levels were placed centrally on the AOls. Data analysis is ongoing. Because a radius that most closely approximates pupil contrast in
infants is not yet known, we will compute mean pixel intensity around each fixation in different radius sizes. With this, we plan to find
out how pupil size varies with the size of an area of different contrast. We will also determine interindividual variability in the onset and
duration of infants' pupil adaptation to the changing luminance levels.
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Scanning and crossing virtual streets with hemianopia; A step to successful crossings
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Individuals with hemianopia may benefit from adopting adequate scanning to successfully cross streets. However, identifying what
constitutes adequate scanning remains challenging, since it is near impossible to ensure standardised and sufficiently challenging, yet
safe real-world situations. While acknowledging its various limitations, virtual reality may offer a potential solution. Therefore, we used
a virtual environment to compare scanning and crossing behaviour between individuals with hemianopia and those with unimpaired
vision and between high- and low-performing people with hemianopia. Individuals with homonymous hemianopia (N=18) and
unimpaired vision (N=18) crossed a virtual street displayed in a head-mounted display. Virtual cars approached from both directions,
travelling at a speed of either 30 or 50 km/h. Participants' crossing and scanning behaviour was recorded and analysed in terms of the
selected crossing gap duration, the time-to-contact after crossing and the gaze direction towards the blind hemifield. High- and low-
performance was defined as showing relatively long or short time-to-contact, respectively. On average, individuals with hemianopia
showed similar crossing and scanning behaviour to those with unimpaired vision. All participants chose a shorter gap duration and
exhibited a shorter time- to-contact at a higher car speed. High-performing individuals with hemianopia showed a slight increase in gaze
direction (approx 2.5°) towards their blind hemifield in the final four seconds before crossing when cars travelled at 30 km/h, but not at
50 km/h. Within our simulated environment, hemianopia did not influence scanning and crossing behaviour. Individuals with hemianopia
may, however, benefit from making larger gaze scans towards the blind hemifield just before crossing. Inaccurate car speed perception
likely influenced behaviour, potentially masking the role of adequate scanning at higher car speeds. To translate virtual outcomes to real-
world applications, it is imperative to improve participants’ car speed perception in virtual reality displays, possibly through increasing
display resolution or augmenting visual cues.

Acknowledgements: This study was funded by visio Foundation, Amsterdam, the Netherlands. The contribution of authors EP, GH and JH
was also partially supported by ZonMw programme expertisefunctie Zintuigelijk Gehandicapten [grant number 637005001].
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A previously published case study presented a patient, SM, with a right lateralised lesion resulting in object agnosia (Konen et al., 2011).
This could suggest a right hemispheric (RH) dominance for object processing. We aimed to test this idea, hypothesising that transcranial
magnetic stimulation (TMS) of shape-responsive visual cortex in the RH would cause a greater reduction in shape discrimination
performance than TMS to the homologous left hemisphere (LH) region or control sites. Ten neurologically typical participants completed
psychophysical testing to determine baseline individual shape discrimination thresholds. TMS targets in each hemisphere were localised
through functional MRI (fMRI) with experimental target sites occupying a commensurate region to SM’s lesion in the RH and a
homologous region in the LH. Control sites (V5/MT+) in each hemisphere were defined using a probabilistic atlas. Participants then
completed four counter-balanced repetitive TMS sessions (LH/RH, target/control), whilst completing a same-different shape
discrimination task. Comparing experimental vs. control conditions in the RH vs. LH, or averaged across hemispheres, revealed no
significant differences in sensitivity or reaction time measures. This result likely reflects the impact of additive noise in the statistical
comparisons. When directly comparing experimental sites between hemispheres, significant decrements in shape discrimination
sensitivity were associated with RH disruption. Further, an exploratory mixed effects analysis using trial-level data revealed significantly
increased reaction times following disruption of the RH experimental target region. These results provide two complementary lines of
evidence suggesting that disruption of a RH shape-responsive region commensurate with SM’s lesion location causes greater decrements
in shape discrimination performance compared to LH stimulation. This pattern of results requires confirmatory follow-up with a larger
sample, but could be indicative of a right hemispheric dominance for visual shape processing.
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Colour constancy is often measured with grey settings: participants adjust the colour of a surface in the scene to appear grey. For perfect
constancy, the settings should correspond to the colour of the illuminant, thought to be discounted from all surfaces in the scene to
stabilize colour appearance. However, the visual system does not access full spectral information, and perfect colour constancy can be
achieved by discounting the illuminant only for neutral surfaces and can only be approximated for coloured surfaces. In fact, the colour
changes due to an illumination change in a 3D colour space vary depending on the spectral reflectance of each surface. In this work, we
evaluated how much illumination estimates can predict colour constancy for surfaces of different colours. We rendered photorealistic
computer graphics scenes under 4 different illuminants. A sphere was placed in the centre of each scene, and its reflectance was set to
8 different colours, spanning the hue circle in CIE Lab colour space. We used an asymmetric colour matching task to measure colour
constancy for the different surface colours, as well as grey settings, to obtain an estimate of the four illuminants (N=6). Then, we applied
a Von Kries transform to predict colour constancy for the 8 coloured surfaces based on the illumination estimates obtained with the grey
settings. Colour constancy showed significant variations across different surface colours and illuminations (Q1=10%, Q3=86%,
Median=44%). The pattern of variation was correlated across observers, as indicated by the average correlation coefficient across all
pairs of participants (r=0.22). However, the predicted colour constancy based on the Von Kries transform correlated much less with the
measured one (r=0.04; t(5)= 4.363, p=0.007).0ur results suggest that grey settings do not accurately measure colour constancy for
coloured surfaces, or that the Von Kries transform may not provide accurate predictions.

Acknowledgements: This work was supported by a BBSRC grant (BB/X01312X/1).

100
What do similarity tasks actually measure? A systematic comparison of eight tasks.

Malin Styrnal?, Philipp Kaniuth?, Laura Stoinski2, Martin N. Hebart?!

Lustus Liebig University Giessen (DE), 2Max Planck Institute for Human Cognitive and Brain Sciences (DE)

Perceived similarity judgments play a critical role in the measurement of mental representations, offering a pathway to understanding
how we represent what we see. Numerous similarity tasks are used routinely in research on object perception that estimate perceived
similarity with a broad range of behavioral techniques. Despite decades of their use, the degree to which these tasks are measuring the
same construct and their relative reliability and external validity are largely unknown. To address this issue, here we systematically
compare different similarity measures using eight common tasks: 1) pairwise ratings, 2) single arrangement and 3) multiple arrangement,
4) triplet odd-one-out judgments, 5) pile sorting, 6) a speeded visual search, 7) speeded same-different judgments, and 8) sequential
forced choice similarity judgments (SFCS). The latter is a novel and, potentially, more time-efficient alternative to the traditional odd-
one-out task. We will compare these tasks using their within-observer and between-observer reliability, efficiency (data acquisition
speed), degree of covariation, and agreement with behavioral categorization and neuroimaging data (fMRI and EEG). Preliminary results
indicate striking similarities between many tasks with more fine-grained differences, while also showing stronger differences between
other measures, such as speeded tasks vs. non-speeded tasks. In addition, tasks varied in the degree to which they cover more visual or
more semantic information. Together, this research promises to allow us 1) to determine the role of the task on mental representations
of visually perceived objects, 2) to understand similarities and differences between tasks, and 3) to identify which tasks are best suited
for different types of experiments and research questions.
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Eyeing motion: Effects of moving stimuli on attention of spider-fearful participants in a free-viewing paradigm
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Studies with various paradigms (e.g. dot probe, visual search) have shown that the attentional pattern of anxious individuals is
characterized by the hypervigilance-avoidance effect, marked by an early attentional focus and subsequent turning away from
threatening stimuli. Strikingly, previous studies have predominantly relied on static stimuli, neglecting the fear-inducing effects of the
factor motion. This study aims to address this gap by examining the occurrence of the hypervigilance-avoidance effect when adding
motion as a variable. We hypothesized that indices of early attentional processes will confirm findings of an automatic and rapid
orientation towards threatening stimuli. Further it is assumed that the high salience of motion will inhibit the subsequent attentional
disengagement from threatening stimuli. To test these hypotheses, eye movements of individuals with and without spider fear were
compared in a free-viewing paradigm to record sheer attentional avoidance rather than active behavioral avoidance. Fear of spiders was
used due to its high prevalence in the population, with a control group included to specifically assess the role of motion. Each trial, an
image or a video of a spider or beetle (control stimulus) from a set of 60 stimuli was presented for five seconds. The comparison included
first fixations, dwell time, saccadic latency, speed and acceleration of the first saccade which were chosen based on previous studies to
explore specific influences of motion (e.g. first fixations were assumed not to be suitable to differentiate between groups when presented
with moving stimuli). Final data are currently being collected. If attentional patterns between moving and static stimuli differ — for
example indicated by a longer dwell time of spider-fearfuls on spider stimuli compared to a more exploratory behavior of the control
group — it suggests the need to examine the influence of naturalistic features, such as motion, in the investigation of well-known
phenomena.
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Human perceptual decisions are serially dependent and biased towards previous trials. The factors contributing to serial dependence,
and particularly the role of prior stimuli or responses are still debated. In this study, we investigated the role of the type of response and
stimulus-response mapping. In four experiments, participants performed an orientation judgment task with several types of responses,
each requiring the mapping of circular features (orientation) onto different formats, including circular, linear, and binary. We measured
serial dependence in blocks involving the same type of response and blocks where different types of response alternated. Overall, we
found attractive serial dependence —i.e., a bias towards prior stimulus orientations— in all cases except after trials in which binary
choice responses were delivered immediately after the stimulus. Surprisingly, however, we found no correlation between the strength
of serial dependence measured with different types of continuous responses, namely linear and circular, suggesting that the response
tool and stimulus-response mapping space does indeed play a role.

Acknowledgements: This work was supported by the Swiss National Science Foundation (grant number PZOOP1_179988 and
PZOOP1_179988/2).
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Face impression research has heavily focused on linking visual facial cues with specific trait impressions — for example, smiling faces are
perceived as trustworthy, mature masculine faces as dominant. However, recent accounts suggest that observers’ individual differences
contribute to face impressions equally to visual cues. The Dynamic Interactive framework suggests that person or culture-specific social
conceptual knowledge, such as preconceived beliefs about what others are like (conceptual beliefs), shapes people’s impressions of
faces. However, the relationship between conceptual beliefs and face impressions has only been tested on standardised young White
male faces and Western (US) perceivers, which might not represent how people form impressions of highly variable face images and/or
across cultures. Thus, here in three studies we investigated the relationship between conceptual beliefs and own and other-culture
naturalistic face impressions in British and Chinese participants using representational similarity analysis. In Study 1 we demonstrated
that British conceptual beliefs positively predict White naturalistic face impressions even when faces provide rich information. In Study
2, we found that individuals’ conceptual beliefs reflect individual variability in naturalistic face impressions and that both conceptual
beliefs and face impressions are socially shared across distinct participant groups within the British culture. In Study 3 we found that
Chinese participants’ conceptual beliefs predict Asian naturalistic face impressions. Furthermore, conceptual beliefs reflected naturalistic
face impressions similarly across British and Chinese cultures and own and other-culture faces. Together, these studies are the first to
demonstrate that conceptual beliefs reflect face impressions even when face stimuli provide rich visual information, and that the extent
of this relationship is comparable within British culture and across British and Chinese cultures. Our findings extend the Dynamic
Interactive framework to highly variable faces and culturally diverse participants, suggesting that conceptual beliefs might be a
mechanism of face impressions which is shared across cultures.

Acknowledgements: This work was supported by the University of Aberdeen School of Psychology Summer Research Funding and EPS
New Graduate Bursary.
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The Mooney faces are two-tone face images that have degraded individual features (e.g., eyes and mouth) and retain shadows and
highlights (Mooney, 1957). Previous research reported that even young infants can detect faces from Mooney face images, despite
degraded features of the images. For instance, 3-4-month-old infants preferred upright over inverted Mooney faces with isolated
(relatively low-degraded) features (Otsuka et al., 2012), and 18-month-old infants showed an upright preference even for Mooney faces
without isolated (relatively high-degraded) features (Doi et al., 2009). However, the developmental process of face detection from
Mooney faces between the two ages (3-4 months and 18 months) remains unclear. Thus, we examined whether infants aged 6-11 months
detect faces from Mooney faces with and without isolated features. In Experiment 1, we tested the upright preference for Mooney face
images under four conditions regarding the degradedness of individual features in the images: slightly-degraded-features, moderately-
degraded-features, highly-degraded-features, and extremely-degraded-features. In each trial, upright and inverted Mooney face images
were displayed side by side for 10 sec. Because two trials were conducted for each of the four image conditions, each infant participated
in a total of 8 trials. Forty-five 6-11-month-old infants participated in Experiment 1. The results indicated that the infants showed
significant visual preferences for the upright over inverted images under the slightly- and moderately-degraded-features conditions.
Additionally, in Experiment 2, we also tested the infants’ upright face preference for the original non-degraded face images and
confirmed that they showed a significant upright face preference for the original face images. The results of two experiments suggest
that although the infants aged 6-11 months consistently showed the upright face preference even for Mooney face images with relatively
modest degradedness, their ability to detect face figures from Mooney face figures was still immature.
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Viewers follow others’ gaze and use semantic expectations about what objects a real-world scene likely contains in order to guide
attention. We tested how this influences long-term memory in young (18-40 years) and older (64-87 years) adults. In an online study
(Exp.1), we used images of everyday environments containing multiple objects and a young or older person looking at or away from an
object (tested) that was either semantically consistent (expected) or inconsistent (unexpected). Participants first memorised all the
scenes for 10s each. At test, they indicated the identity of the tested object by choosing one of four names, and then, as an index of
metamemory, rated confidence in their response. The same scenes, but including only a young person, and the same procedure were
used in an eye-tracking, lab study (Exp.2) with only young participants, in which we also collected remember/know responses as another
index of metamemory. We found that cueing the object with gaze improved accuracy in Exp.2, and increased metamemory in both
experiments, similarly for correct and incorrect responses. Inconsistency increased metamemory but only for correct responses (Exp.1-
2), and this could not be explained by a longer fixation time on inconsistent objects during encoding (Exp.2). These gaze cueing and
consistency effects were independent of both the participant’s age and the person’s age in the scene. They show that potential social
relevance signalled by others’ gaze may enhance recognition memory, but its impact on metamemory might not be a reliable indicator
of veridical representations. Semantic inconsistency may act primarily by enhancing the specificity of the memory trace and the viewer’s
knowledge of their own memory.
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Humans can embody a virtual avatar through visual-motor synchrony. Two individuals can embody an avatar by averaging their
movements or by dividing/sharing avatar’s body parts (virtual co-embodiment). The sense of embodiment and the motor behavior have
been investigated using whole-body avatars. However, it has not been well investigated whether we can co-embody a hand and fingers
by two individuals, and how this affects the sense of embodiment, performance, and motor behavior. In the experiment, 15 dyads (N=30)
performed the finger reaching task with Solo-Hand (all fingers were synchronized with the movement of one participant), Averaged-
Hand (all fingers were synchronized with the averaged movements of the dyad), and Divided-Hand conditions (the thumb, index, and
middle fingers were synchronized with the movement of one participant, while the other fingers were synchronized with another).
Participants wore a head-mounted display and observed a robotic hand at the location of the real hand. They were asked to touch a red
ball with one finger as quickly as possible. The balls appeared randomly at 4 cm from either the index, middle, ring, or little finger with
700, 850, or 1000ms SOA. Participants were blind to the hand conditions during the experiment. We found that the sense of body
ownership and agency were similar for Solo-Hand and Averaged-Hand conditions, and significantly decreased for the Divided-Hand
condition. Averaged-Hand showed the significantly highest reaching performance when the task difficulty was intermediate (850ms
SOA), while Divided-hand showed the worst performance. The finger movements of Averaged-Hand were the smoothest (least jerky).
These results suggest that the co-embodiment hand by averaging two individuals’ movements could have general advantages over the
divided-finger co-embodiment for the sense of embodiment, and might be even better than the normal, single-controlled hand for the
motor performance in reaching and smoothness.

Acknowledgements: JSPS Kakenhi JP22KK0158, JP23H03882, JP20H05800.
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The temporal integration of audiovisual speech does not require precise temporal synchronization of sound and video but permits a
certain degree of temporal asynchrony. While several studies have indicated that familiarity with the speaker influences the temporal
processing of audiovisual speech, it remains unclear whether this is due to the familiarity with a speaker’s face or with a spoken language.
In this study, we investigated how familiarity with the speaker's face and spoken language modulates audiovisual temporal processing.
We adopted 2 by 2 within-participant design in a combination of speakers’ faces (familiar and unfamiliar) and spoken languages (native
and non-native). Auditory stimuli (i.e., voice) and visual stimuli (i.e., lip movements) were presented with a small temporal gap within +
300 ms. p, which was followed by the participants’ judgment of the synchrony of audiovisual stimuli. Then we calculated the temporal
binding window (TBW) and point of subjective simultaneity (PSS). These procedures were pre-registered in OSF (https://osf.io/bvrxa).
Our findings revealed that the width of TBW for audiovisual speech was broader with the familiar faces rather than with the unfamiliar
faces, regardless of the spoken language. Additionally, the familiarity with the speaker's face influenced the PSS, wherein the auditory
and visual stimuli were subjectively perceived as simultaneous when visual stimuli were presented before auditory stimuli. This tendency
increases with audiovisual speech with familiar faces, regardless of spoken language. These results suggested that familiarity in the visual
domain, rather than the auditory domain, impacts the temporal processing of audiovisual speech.

54



European Conference on Visual Perception 2024

108
Facial Identification in Peripheral Vision and Flashed Face Distortion Effect

Momoka Suzuki?, Yuta Ujiie2, Kohske Takahashit

IRitsumeikan University (JP), 2Rikkyo University (JP)

Flashed face distortion effect (FFDE), where normal faces are perceived as distorted and uncanny, occurs when we see faces that rapidly
switch in the peripheral vision. This effect may be due to the difficulty in identifying faces in the peripheral vision. Studies suggest that
FFDE is weakened when stimuli are presented in the central vision, where facial identification is easier. This study aims to investigate the
relationship between facial identification performance and FFDE strength. In the FFDE task, participants observed faces presented in
their peripheral vision for 10 s (250 ms per face stimulus) and rated the intensity of the distortion and uncanniness of the stimuli on a 7-
point scale. In the facial identification task, two face test stimuli were presented on the left and right sides of a screen for 250 ms.
Subsequently, the target face, which was or was not presented as one of the test stimuli, was presented at the center of the screen. The
participants answered whether the identity of the target face matched that of either of the two face test stimuli. This study manipulated
the eccentricity (2°, 4°, and 6°) and stimulus size (1° and 4°) of the face stimuli in the FFDE task and test stimuli in the identification task.
Results showed that eccentricity had less effect on the FFDE when the stimulus size was small. Conversely, the distortion was stronger
with larger eccentricity when the stimulus size was larger. In the identification task, the correct response rate decreased with increasing
eccentricity. Furthermore, the facial identification performance and FFDE intensity correlated negatively when the stimulus size was
large. These results suggested that the difficulty of face identification might be a partial cause of the weak FFDE in the peripheral vision.
Acknowledgements: This work was supported by JST SPRING, Grant Number JPMJSP2101, JSPS KAKENHI Grant Numbers 23H00078,
20KKO0054.
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BACKGROUND: Visual Stress is a condition characterised by visuoperceptual distortion symptoms, such as words ‘moving/merging’ and
patterns/colours seen within text when reading. Coloured filters (tinted spectacle lenses and acetate sheets/overlays) have been
proposed to ameliorate visual stress symptoms. However, visual stress diagnosis is on an ad-hoc basis, with symptomology and diagnostic
criteria poorly understood. This study comprehensively investigated visuoperceptual reading symptoms in adults with/without visual
stress to develop a clinically useful questionnaire for visual stress diagnosis. METHODS: After scrutiny of research literature/clinical
reports, a 17-item Likert-scale questionnaire was developed probing reading comfort and symptoms. 1,248-adult undergraduate
students (aged 18-36-years,) completed the questionnaire and a Pattern Glare test (black and white gratings at 3 cycles per degree),
which was used to determine presence of visual stress. Demographic information and brief ocular/medical history were also probed.
294-participants (23.6%) exhibited pattern glare (presence of >3 pattern glare symptoms). After exclusion of diagnosed migraineurs
(n=47), questionnaire data from 247-participants (193F:49M:5N) were analysed. Parallel analysis proposed 5-factors exist within the
construct. Principal axis factor analysis with promax rotation (k=4) was conducted. Items with >5% missing data were deleted. Items with
>80% of responses satisfying one category were deleted to avoid floor/ceiling effects. Items which strongly cross-loaded (>0.3) onto
more than one factor were excluded. RESULTS: Five factors identified by exploratory factor analysis mapped well to aetiological theories
proposed to explain visual stress: 1) Magnocellular Pathway Deficits 2) Cortical Hyperexcitability 3) Eye Movement & Tracking Issues 4)
Aversion to High Temporal Frequency ‘Flicker’ and 5) Concurrent Pathologies associated with Visual Stress. Post-hoc item analysis
reduced questionnaire content to 10-items. CONCLUSION: Exploratory factor analysis enabled systematic creation of the first robust 10-
item questionnaire to aid visual stress diagnosis. Further work is needed to apply in a clinical context and among different age ranges for
validation purposes.

Acknowledgements: This project was supported by funding from the Department for the Economy (DfE) Northern Ireland Student.

110
Action learning with unconscious stimuli: transfer across retinal location and orientation

Jie Gao?, Zhiging Deng', Jiantong Ye?!, Ruxiao Zhang?, Juan Chen

1South China Normal University (CN)

The specificity and generalization of perceptual learning and the circumstances under which perceptual learning can transfer to untrained
retinal location and orientation have been investigated for decades. Our previous study found that action learning was more effective
than perceptual learning when the stimulus was invisible by continuous flash suppression (i.e., without conscious awareness of the
stimulus). However, it is unclear whether action learning was advantageous over perceptual learning for the generalization across retinal
location and orientation. To test whether there are advantages, participants were randomly separated into two groups. One group of
participants was trained to insert a card into an invisible open rectangle ("action training group") that was either vertically or horizontally
oriented (randomly selected for each trial) and was presented on either the left or the right visual field (counterbalanced across
participants). The other group of participants followed the identical experimental protocol but were trained to orally report the
orientation of the open rectangle ("perception training group"). We found that after seven days of action training, the contrast sensitivity
and action performance increased at the trained location, and the learning effects transferred to the untrained location. In contrast,
perception training did not yield significant changes in contrast sensitivity or perception performance at the trained or untrained
locations. To investigate generalization across orientations, participants underwent a similar experimental procedure as the action
training group, with the training orientations of stimuli being clockwise and counterclockwise rotated by 15° from the horizontal
orientation (0°). The tests after training centered at the trained orientation (i.e., 0°) and three untrained orientations (45°, 90°, and 135°).
The results showed significant contrast sensitivity and action performance increased for all the trained and untrained orientations. Our
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study suggests that unconscious action learning was advantageous over perceptual learning in generalization across retinal location and
orientation.

Acknowledgements: This research was supported by the National Science and Technology Innovation 2030 Major Program (STI2030-
Major Projects 2022ZD020480) and two National Natural Science Foundation of China grants (31970981 and 31800908) to J.C.
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Understanding the intersection between facial expression and facial identity processing has long been a focus of face perception
research. Here, we adopted a foraging paradigm to explore whether categorising an emotional expression is independent of facial
identity in the context of multiple-target search. Stimuli consisted of Al generated images of male celebrities, each providing 4 exemplars
to fill a 2 (valance) x 2 (arousal) expression space. Specific expressions were characterised as: a slight smile, full laughter, a slight frown,
or extreme anger. In separate trials, participants (N=12) searched on an iPad for positive amongst negative facial expressions (or vice
versa) irrespective of the level of arousal (high or low) depicted in the images. Each display contained an array of 40 faces: 20 target
expressions, 20 distractor expressions. The position of each facial image was dynamically updated to reduce spatial search strategies and
to make the task more demanding and engaging. The crucial manipulation was whether all faces within a trial shared the same identity
or whether identity varied, with images being sampled from the full set of celebrities. Data were analysed using a 2 (ldentity:
Same/Different) x 2 (Expression: Positive/Negative) factorial design. Results were clear. Participants were able to select successive targets
at a rate of approximately 950 ms/target during same identity trials, but were slowed to a rate of 1294 ms/target for different identity
trials. There was also an effect of expression type, with the search rate for positive expressions (1042 ms/target) being faster than for
negative expressions (1206 ms/item). There was no interaction. Overall, these findings provide further evidence that the processing of
identity and expression is unlikely to occur independently, and also demonstrates the way in which foraging tasks can be used with
complex stimuli, such as faces.
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Lili Julia Feher?, llona Kovacs?

IHUN-REN-ELTE-PPKE Adolescent Development Research Group (HU), 2E6tvds Lorand University, Budapest (HU)

A social categorization paradigm, based on permanent versus transient visual traits has been introduced to study the differences in social
categorization between children with autism spectrum disorder (ASD) and their neurotypical controls (Kiss et al., 2021). When given a
choice between permanent features such as hair colour or skin tone as opposed to a transient feature (clothing colour) neurotypical
children rely on both permanent features with equal probabilities, while ASD children seem to prefer hair colour and disregard skin
colour. However, due to the unbalanced nature of the applied stimuli in terms of primary perceptual features (e.g., luminance contrast,
hue saturation, stimulus area), it is not clear whether these results are related to different social categorization strategies or driven by
lower-level perceptual salience affecting the decisions of ASD participants more strongly. In this study, first we substantially modified
the visual characteristics of the original stimuli in order to balance perceptual salience between the potential permanent versus transient
choices, however, stimuli were still presented on printed cards. The original tendency for ASD children not relying on skin tone remained,
although still with an uncertainty about the interpretation as a strong bias towards transient feature-based choices occurred in all
participants. In order to clarify the picture, we then adopted computer generated stimuli to avoid saliency issues arising from printing.
Since this introduces a communication difficulty with ASD participants with respect to the response (they cannot simply place the cards
in different packs in the computerised version), we introduced eye-tracking to register implicit responses and the pattern of gaze. The
results will inform the field about the background of altered social behaviour in ASD and will clarify whether it may be due to an innate
difference in social categorization itself or based on differences in low level perceptual processing.
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The association between sensory sensitivity, mental imagery abilities, and divergent perception

Marloes Mak?, Thijs van Laarhoven?, Janina Neufeld3#4, Reshanne Reeder>, Corina U. Greven®’, Tessa Van Leeuwen?
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(NL), 3Karolinska Institutet (SE), Swedish Collegium for Advanced Study (SE), >Department of Psychology, Institute of Population Health,
University of Liverpool (UK), Radboud University Medical Centre (NL), ’Karakter Child and Adolescent Psychiatry University Centre (NL)
Perception is shaped by both bottom-up input from the senses and by prior information that exerts a top-down influence. A disrupted
balance between top-down drive and bottom-up input is hypothesised to underlie divergent perception, e.g., hallucinations, or
synaesthesia. Here, we use survey data (N=120) to test whether in individuals with perceptual extremes, e.g., with very strong/weak
mental imagery (a top-down process) or high/low sensory sensitivity (bottom-up input), divergent perception is therefore more
prevalent. We assess divergent perception with the Oxford-Liverpool Inventory of Feelings and Experiences (O-LIFE). Divergent
perception may furthermore link to stronger (subclinical) psychiatric traits. Results for sensory sensitivity show that the hypersensitivity
subscale of the Glasgow Sensory Questionnaire (GSQ) and the Sensory Processing Sensitivity Questionnaire (SPSQ) score positively
predicted the score on the O-LIFE unusual experiences subscale (i.e., positive schizotypy). For mental imagery, however, the Vividness of
Visual Imagery Questionnaire (VVIQ) score did not predict O-LIFE outcomes. Low scores on the VVIQ did correlate negatively with the
Autism Quotient (AQ) Imagination subscale. A Principal Component Analysis revealed three principal components in the data, each
centring around a different aspect of sensory sensitivity. The GSQ hypersensitivity subscale formed a principal component together with
ADHD, depression, anxiety, and the O-LIFE unusual experiences and impulsive nonconformity subscales. The positive dimension of the
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SPSQ formed a principal component with AQ-Attention to detail and (negatively) with AQ-Imagination. The negative dimension of the
SPSQ formed a principal component with AQ-Social skills, AQ-Communication, AQ-Attention switching, and the O-LIFE cognitive
disorganization subscale. The data suggest that stronger sensory sensitivity is related to a stronger tendency to experience divergent
perception, and is linked to subclinical psychiatric traits. Imagery vividness appears to play a smaller role. Next, we seek to link our
findings to self-reported experiences of synaesthesia, and to replicate the results using Dutch questionnaire translations.
Acknowledgements: Funded by NWO Open Competition SSH-M grant.
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Detecting motor perturbations across modalities and tasks

Karl Kopiske?, Carl Miillert
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Recently, interest has increased in the cognitive side of sensorimotor adaptation: For example, how knowing when and how to correct
your actions to suit the task at hand affects sensorimotor adjustments. Comparatively less is known about when humans notice motor
errors, leading them to employ such cognitively controlled corrections. Here, we investigated how well and through which cues
participants can detect motor perturbations, and compared this across different types of motor actions, perturbation types, and tasks.
We conducted three experiments (N=48 each) using (a) visuo-haptic size mismatches in grasping with a relative-size-judgement task that
was either 2AFC (experiment 1) or 4AFC (experiment 2), as well as (b) split-belt speed perturbations in walking with a 2AFC task
(experiment 3). Different perturbation schedules were used to induce different degrees of sensorimotor adaptation in the grasping tasks,
allowing us to dissociate perturbation magnitude and the motor error, both of which have been hypothesised to help participants notice
motor perturbations. We found that detection performance in grasping depended both on the magnitude of the perturbation and degree
of adaptation, as participants showed decreasing performance over time when exposed to constant perturbations, but not with regularly
changing perturbations, and overall smaller JNDs in the latter. Patterns were virtually identical in 2AFC and 4AFC tasks. In walking, our
primary comparison was between different types of perturbation (split-belt acceleration vs. deceleration, i.e., slip vs. stumble). We saw
that detection performance of these two types was highly correlated between participants, despite overall much larger inter-individual
differences compared to grasping. Overall, this shows that participants do indeed use different types of cues to detect motor
perturbations (perturbation magnitude as well as trial-wise error), and that there are pronounced differences between different motor
actions and perturbation types that are consistent across tasks.

Acknowledgements: Supported by a grant from the German Research Foundation (DFG KO 6478-1/1, project no. 466287772).
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Larger bias in microsaccades during shifting than during sustaining covert visual-spatial attention

Anna Van Harmelen?, Freek van Edel
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Small fixational eye-movements known as microsaccades have often been reported to track the focus of covert selective attention, but
the reliability of using microsaccades as an indicator of covert attention has also been brought into question. Because attention comprises
different processes and stages, it is conceivable that microsaccades may be particularly correlated with some stages and less so with
other stages. For example, a recent study found no directional bias of microsaccades towards a visual target in a sustained visuospatial
attention task. In contrast, we and others have systematically found robust microsaccade biases in tasks requiring shifting (rather than
sustaining) covert selective attention. In order to study whether microsaccades correlate predominantly with shifting covert attention,
sustaining covert attention, or both, we developed an orientation-change detection task. The task involved shifting covert visual-spatial
attention to a target and sustaining it until an orientation change was detected. This change would occur after a delay that varied
unpredictably between 500 and 3200 ms after the attentional cue. This enabled us to investigate whether and how microsaccades track
these respective attentional stages. The results show that (1) the direction of microsaccades are significantly biased towards the covertly
attended visual object during both shifting and sustaining attention, but that (2) this bias is significantly more pronounced during
attentional shifting. These findings may help explain why the correlation between microsaccades and covert selective attention is more
robust in certain attention tasks than in others.

Acknowledgements: This work is supported by an NWO Vidi Grant [14721] and an ERC Starting Grant from the European Research Council
[MEMTICIPATION, 850636] to F.v.E.
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Postdictive effects are pivotal evidence supporting discrete perception, a concept recently once again gaining attention in cognitive
psychology. We propose that elucidating the organization principles of discrete perception can enhance our understanding of cognitive
information processing and clarify consciousness' role in that process. Our study investigates how the perceptual window's duration
alters under varying conditions and the potential processes within and between such windows. We speculate that information
complexity, spatiotemporal proximity, and task demands, as mediated by cognitive control and categorization processes, affect this
duration. Our experiments utilized audiovisual illusions with postdictive effects, where the simultaneous presentation of sound and flash
in two stimuli generates an illusory flash when only the sound is present between them. In our first experiment, we varied interstimulus
intervals (50 ms to 800 ms) and time proximity towards one of the other stimuli. Our second experiment introduced varying flash colors,
switching from the traditional gray to red and green in different presentation configuration. Results demonstrate a consistent illusion
across intervals, with more robust illusions at shorter intervals (F(1,46) = 151.99, p <.001). Interestingly, color changes led to participants
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missing an actual middle flash when presented, especially when its color matched the final stimulus, while matching the initiating flash's
color reduced the effect (F(3.3, 178.33) = 8.102, p < .001). We propose that this occurs due to the categorization of information within
each perceptual window. It seems like information is coded during perception in terms of objects and different categorizations and then
gets deciphered by consciousness mechanisms. lllusions are created in a way that messes with a coding system. Understanding
postdictive illusions from this angle may offer valuable insights into the processing of visual illusions and advance the study of discrete
perception.
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Comparing Social Gaze between Communication Media
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Video-mediated communication (e.g., Zoom) has become prevalent for remote communication, but often falls short of the
communicative efficiency of face-to-face interactions. This is primarily due to the disruption of non-verbal cues. Specifically, genuine eye-
contact cannot be achieved. Much research exists comparing the efficiency of videoconferencing to face-to-face communication, yet few
studies directly examine how social gaze is affected by these media. Here, we investigated differences in gaze behaviour between dyads
communicating face-to-face versus over Zoom. Simultaneous direct gaze occurs when both participants look directly at each other's eyes
at the same time. In face-to-face communication simultaneous direct gaze results in an eye contact event. In Zoom settings, however,
this is not the case. We recorded eye gaze and head orientation from both participants while playing the Heads-Up game in three
communication conditions: (1) regular face-to-face, (2) face-to-face through a screen-sized window cut into a barrier (to address any
artifacts introduced when transitioning to a smaller subtension), and (3) over Zoom using two iPads in the same barrier. While playing,
the role assigned to participants was varied, so that each participant spent half of the game as the “questioner” and half of the game as
the “responder”. Simultaneous direct gaze events were significantly more frequent and of longer duration on average in the face-to-face
conditions compared to over Zoom. These patterns were consistent when examining direct gaze behaviour. When analyzing the effect
of role, the data indicated that there were more direct gaze events when participants were responders than when they were questioners.
Altogether, these findings highlight the impact videoconferencing has on gaze and provides evidence for the idea that this disruption
may be driving many of the negative impacts sensed when communicating over Zoom.
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Psychophysics Reveals a Failure of Grouping in Current Deep Neural Networks

Elsa Scialom?, Ben Lonnqvist?, Zehra Merchant?, Martin Schrimpf?!, Michael Herzog?
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Particular deep neural networks (DNNs) are considered good models of the ventral visual stream, as assessed by neural alignment with
primate neural and behavioral data. However, they have not thoroughly been evaluated on psychophysical tasks, and the extent to which
DNN models do or do not align to human behavior in the edge cases of vision thus remains unclear. Here, we compared DNN and human
performance in recognizing fragmented images, a standard task in psychophysics. Specifically, we presented sparse fragmented objects
from 12 categories to 50 human participants and 14 pre-trained models. We gradually increased the number of fragments of each object
and evaluated the performance of human observers and models at these different fragment densities. In line with classical
psychophysical studies, human performance scaled logarithmically with the number of fragments. While models showed high accuracy
with fully colored images, their performance declined (51% correct on average) with images showing full contours of objects, contrary
to humans who excelled in this condition (98% correct on average). Similarly, humans reached high performance at the highest fragments
density presented (83% correct on average), but models were close to chance levels (11% correct on average). Not a single model was
able to solve this task, including models trained specifically on shape recognition. Adapting models to fragmented object images via a
decoder trained on training images of the same distribution resulted in better-than-chance performance but still left a large gap to human
data (contours: 67% correct; max fragments density: 42% correct). Taken together, these findings indicate a substantial failure case in
the ability of current DNNs to fully model human visual processing.

Acknowledgements: BL and ES contributed equally. ES and MH are funded by ERA-NET NEURON under grant "NEURON-051". BL was
supported by a grant from the Swiss National Science Foundation (N.320030_176153; “Basics of visual processing: from elements to
figures”).
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Observers readily make judgments of sex from the appearance of others' faces and bodies. Researchers have used visual adaptation
techniques with such social stimuli to demonstrate high level after-effects such that ambiguous bodies or faces appear more male or
female following adaptation to a female or male adaptor. Such findings have typically been interpreted in terms of a symmetrical mental
'space'. However, previous evidence from visual search tasks suggests that ‘female’, in both body shape and in face appearance, is coded
as an extension of a ‘male’ default. That is, there is an asymmetry in the representation of ‘male’ and ‘female’ in the perceptual system.
This hypothetical polarised representation of sex predicts asymmetric effects of adaptation in adaptation paradigms. However, to our
knowledge, there are no attempts in the literature to directly compare the strength of the perceptual aftereffect of adaptation for ‘male’
versus ‘female’ faces and bodies. To this end, we utilised a visual adaptation paradigm, where participants were exposed to computer-
generated strongly female, strongly male, or perceptually ambiguous faces and body silhouettes (adaptors) and were then asked to
categorise subsequent slightly male, slightly female, or perceptually ambiguous faces or body silhouettes. The results showed a strong
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aftereffect of adaptation, such that after prolonged exposure to strongly ‘male’ stimuli, participants categorized the target stimuli as
more ‘female’, and vice versa. However, to date, we have not found strong evidence for asymmetric representation of ‘male’ compared
to ‘female’, contrary to our original hypothesis. Evidence about the organisation of male/female face and body representations does not
converge on whether they are symmetrical or asymmetrical.

Acknowledgements: This work was jointly funded by the ESRC and Bangor University through a PhD studentship from the Welsh School
for the Social Sciences.
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Self-generated stimuli are often perceived as less intense and lead to less neural activity in sensory cortices. This suppression effect is
thought to be due to predictions that are created using the efference copy, a copy of the motor command. It is still unclear where such
action-based predictions originate. Furthermore, evidence for the effect of action on visual stimuli remains inconclusive. In this study,
we investigate these issues using fMRI and both univariate and multivariate analyses. The experiment contained active trials, in which
participants elicited the appearance of two sequential gratings by a button press, and passive trials, in which the gratings appeared
automatically. After a tone cueing which button to press and predicting the orientation of the gratings, a preparatory phase started in
which only a fixation dot was shown. At the end of this phase, the fixation dot briefly flashed red to indicate that the gratings would
appear soon (passive condition) or that participants could now press the button to elicit the appearance of the gratings (active condition).
Participants then had to perform an orientation discrimination task on the gratings. Self-triggered stimuli led to more activity in visual
cortex than stimuli that were automatically presented. No significant differences were found in the preparatory phase. Multivariate
analysis showed that the grating orientation could be decoded significantly above chance from early visual areas both during and prior
to stimulus presentation. Decoding accuracies did not differ between active and passive conditions. These results suggest that for both
conditions, sensory predictions are already formed prior to stimulus presentation and may be based on similar mechanisms.
Nevertheless, action leads to enhanced visual activity during stimulus processing. We conclude that visual cortex anticipates expected
visual stimuli and responds with enhanced BOLD amplitude if they appear as the consequence of one’s own action.
Acknowledgements: DFG grant KE 2016/2-1, DFG grant SFB/TRR 135 project A10.
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Research on visual cognition has historically required that observers keep the eyes centrally fixated, but in natural vision humans execute
saccades every ~250 ms. As the oculomotor system needs ~100 ms to initiate and execute a saccade, this leaves ~150 ms to plan and
execute the next saccade, while processing the fixated item. How fast and in which detail an object is parafoveally processed during
natural viewing remains largely unknown. We had observers complete a visual exploration task while we measured
magnetoencephalography (MEG) and eye-movements. Observers were presented with an array of natural images from different
categories (animal, food, object), that were displayed in greyscale or colours. The array was presented twice, and observers identified
which image changed between presentations. Multivariate pattern analysis was applied on the neural data to track the emergence of
information about the visual features (greyscale vs colour) and semantic category (e.g. animal vs food) of foveal and parafoveal images.
The classifier identified the feature of foveal and upcoming parafoveal images at 70 and 88 ms respectively, and the category of foveal
and upcoming parafoveal images at 145 and 160 ms. Also, the feature and the category of past parafoveal images remained present in
the brain data until ~230 ms after the saccade onset. We here provide electrophysiological evidence that feature and semantic
information of parafoveal objects can be extracted already within ~150 ms, supporting the role of parafoveal previewing in the planning
of the next saccade. These results also suggest that the construction of a visual scene involves the maintenance of past information
combined with the current visual perception and the identification of the upcoming parafoveal visual object. In sum, our study allows us
to characterize the temporal dynamics of foveal and parafoveal neuronal processing at the feature and semantic levels during natural
viewing.
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In the flash-lag illusion, a stationary flash presented physically aligned with the center of a moving object appears to lag behind the
moving object. An opposite effect is observed when the moving object reverses its motion direction at the moment of the flash. In
particular, the static stimulus is perceived as ahead of the moving object’s initial motion direction. This effect is known as the flash-grab
illusion. In principle, both effects can arise due to a perceived positional shift of the moving object, the static object, or both. Although
the motion extrapolation theory explains both illusions through mechanisms centered on prediction and prediction updating, it remains
unclear how expectations affect the strengths of these illusions. Comparing the perceived positional shifts of static and moving objects
under certain (100%), expected (80%), uncertain (50%), and surprising (20%) conditions of the flash-lag and flash-grab illusory displays,
we tested whether the influences of expectations on moving and static objects are comparable for these motion illusions. Results
revealed that the effect of expectation on the perceived positional shifts of the static and moving objects differed significantly between
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the flash-lag and flash-grab illusory displays. The shift in the perceived position of the static object was greater when the flash-grab
display was expected rather than surprising. Contrarily, expectations had no effect on the perceived position of the static object in the
flash-lag display. Nonetheless, the moving object was perceived as shifted in the direction of expected motion in both flash-lag and flash-
grab display conditions. We conclude that the illusory perceived shifts in the stationary flash and moving stimulus positions might share
similar underlying mechanisms in the flash-grab but not in the flash-lag illusion. The disparities observed between two illusions could be
attributed to distinct predictive processes occurring at different levels of the visual hierarchy.
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Contradictory illusions with striped objects
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A square with horizontal stripes appears taller than an identical square with vertical stripes (Helmholtz square illusion). However, there
exists a widely held belief that a dress with vertical stripes makes you appear thinner and taller. This is directly opposite to the Helmholtz
illusion. Most psychophysical studies have conformed to Helmholtz illusion. Still, there are some opposite findings too. In this study, |
explore whether the contradictory results could be explained by stimulus presentation conditions. Cartoon figures (approximate size 1.5
x 3 deg), with varied height/width ratio and with different stripes (vertical, horizontal, and no stripes) were used as stimuli. In a two-
interval forced choice experiment, observers had to indicate which of the two figures appeared fatter. Two presentation conditions were
used: central vision (600 ms), and peripheral vision (4 deg eccentricity, 120 ms). The results of seven observers show a considerable
interpersonal variability. However, there was a reliable difference between the two presentation conditions. With central presentation,
observers tended to indicate a figure with vertical stripes as fatter; with peripheral presentation, one with horizontal stripes appeared
fatter. The results suggest that differences between central vs peripheral vision could explain the contradictory illusions with striped
objects.

Acknowledgements: This study was supported by the Estonian Research Council grant PRG1151.
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When explicitly asked to, observers cannot report skewness, kurtosis, or distributional shape of feature ensembles. This has been used
to argue that the visual system does not have explicit access to distributional characteristics beyond mean and variance. However,
indirect measures (e.g., visual search reaction times) have shown that these characteristics can be represented implicitly. Importantly,
implicit paradigms probe only one value from the distribution in each trial and integrate multiple responses to recreate the distribution,
whereas explicit tests involve reports of the whole distribution, requiring a more precise representation. We introduce a new
experimental paradigm to address this discrepancy. Observers (N=10) were presented with 36 colored circles from Gaussian, uniform,
or bimodal distributions for 800ms and then reported the frequency of a randomly chosen color using a slider. Trials with different
distribution types and mean colors were intermixed. Results. The distribution of the averaged ratings (both aggregated and separate for
each observer) followed the shape of the presented distribution. Segmented regressions showed significant break-points corresponding
to each distributional type: e.g., a bimodal rating distribution had a break-point separating positive and negative slopes before and after
one of the peaks. We developed a computational model that samples 1-36 circles with added noise, estimates the number of tested
color circles in a sample, extrapolates the estimate to 36 circles, and gives the frequency response. The model best predicted observers'
data when the sample size was close to all the presented circles. Thus, observers integrate information from many objects, their
successful performance cannot be explained by the sampling of a few circles. Our new paradigm reveals that after brief exposure to a
color set, observers accurately represent the relative frequencies of individual colors, meaning that they have reliable explicit access to
the ensemble feature distribution.

Acknowledgements: Supported by grant #228366-051 from the Icelandic Research Fund.

125
Insights From Eye Blinks into Cognitive Processes

Ronen Hershman?, David Share?, Elisabeth Weiss?, Avishai Henik3, Adi Shechter?

1University Of Innsbruck (AT), 2University of Haifa (IL), 3Ben-Gurion University (IL)

Behavioral differences in speed and accuracy between reading familiar and unfamiliar words are well-established in the empirical
literature. However, these standard measures of skill proficiency are limited in their ability to capture the moment-to-moment processing
involved in visual word recognition. In the present study, the effect of word familiarity was initially investigated using an eye blink rate
among adults and children. The probability of eye blinking was higher for familiar (real) words than for unfamiliar (pseudo)words. This
counterintuitive pattern of results suggests that the processing of unfamiliar (pseudo)words is more demanding and perhaps less
rewarding than the processing of familiar (real) words, as previously observed in both behavioral and pupillometry data. Our findings
suggest that the measurement of eye blinks might shed new light on the cognitive processes involved in visual word recognition and
other domains of human cognition.

Acknowledgements: This research was supported by the Ministry of Science & Technology, Israel; by the Israel Science Foundation (Grant
No. 1002/20 to D. L. Share); and by the Edmond J. Safra Brain Research Center for the Study of Learning Disabilities.
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Prior knowledge sharpens contrast perception: scene-object congruency modulates object detection

Jiehui Qian?, Binglong Lit, Zhengjia Dai?
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Research have shown that prior knowledge facilitates information processing by sharpening the representation of expected objects,
however, no previous study investigaged whether prior knowledge of a scene could affect perception of object contrast and how scene-
object congruency modulates the detection of object. Here we examined these questions by briefly presenting two otherwise identical
scene pictures except that one of the pictures contained an additional object. The perceptual contrast of object against the scene was
manipulated across trials and participants needed to identify the picture that contained the additional object. In Experiment 1, we found
that compared to meaningless backgrounds (random mondrain picture), participants were able to detect the target objects with lower
contrasts in meaningful scenes. Experiment 2 confirmed this result by using as scrambled orginal scenes and upside-down orginal scenes
as meaningless backgrounds. In other words, lower contrast was required to detect the object in the meaningful scenes than in
meaningless scenes with the same physical properties. Experiment 3 extended this finding by showing that even with meaningful scenes,
lower contrast was required to detect an object congruent with the scene (matched scene, e.g, detecting a cushion on a couch) than to
detect an object incongruent with the scene (unmatched scene, e.g, detecting a windmill on a couch). These results suggest that the
knowledge provided by a scene is essential in facilitating object perception, and high-level scene representations interact with early
visual perception such as contrast, optimizing task performance for the current perceptual context.

Acknowledgements: National Natural Science Foundation of China (32271100).
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In normal visually guided grasping we can pick up even delicate objects without conscious effort. Ideally, control of body-powered
prostheses (the most common type) would be similarly intuitive. This requires an accurate internal model relating arm-and-shoulder
movements to prosthesis movements and grip force. Sprung-closed prostheses require input force to open, whereas sprung-open
devices require force to close. Although sprung-closed devices can passively hold objects, they also reverse the normal, long-established
relationship between muscle and grip force (reducing grip force requires inputting more muscle force and vice versa), which could make
them fundamentally less suited to intuitive visuomotor control. We investigated this by examining grasping in healthy controls (N=20)
using a simulated prosthesis—a cable-operated prehensor, worn on the forearm, and modelled on conventional body-powered
prostheses. The prehensor was switchable between sprung-open and sprung-closed actuation, holding all other aspects constant.
Participants reached for clothes-peg-like objects, which held a pin that was dropped if the object was grasped too hard. Successful
movements therefore required grasping within a grip-force ‘window’ (which varied between objects), avoiding dropping either the object
(insufficient force) or the pin (excessive force). Overall error rates were similar across the two prehensor actuation modes (and much
higher than hand grasping). The pattern of force errors varied, however: in sprung-open mode most errors were due to excessive grip
force, whereas in sprung-closed mode errors were more evenly distributed, with slightly more errors caused by insufficient grip force.
Our results suggests that visuomotor control of grip force in sprung-closed prehensors is not overall more unintuitive than sprung-open
devices. Interestingly, the different pattern of errors across actuation mode both correspond to a tendency to input too much force into
the device. Our data suggest that the optimal actuation mode may not be a general device property but may instead be task-dependent.
Acknowledgements: This project received funding from a Ser Cymru Enhancing Competitiveness Infrastructure Award (Llywodraeth
Cymru/Welsh Government).
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Hallucinations are commonly defined as the perception of sensory information despite the lack of corresponding sensory input. This
phenomenon is a primary symptom of schizophrenia, however the mechanisms underlying hallucinations remain unclear. Hallucination-
like experiences can be studied in signal detection tasks, in which participants have to detect signals in noise. Indeed, patients with
schizophrenia report more false alarms than healthy controls, suggesting a general perceptual deficit. Another proposed mechanism
underlying hallucinations is the disruption of efference copy signaling. The efference copy is a copy of the motor command, which is used
to anticipate the sensory consequences of self-generated actions. These predictions usually lead to perceptual and neural suppression
of the sensory action outcomes. Patients with schizophrenia show less suppression of self-generated stimuli than healthy controls. As
such, it has been suggested that dysfunctional efference copy mechanisms are the source of hallucinations in schizophrenia. It is still
unclear whether psychotic symptoms can be attributed to aberrant efference copy mechanisms, or to dysfunctional predictive
mechanisms in general. To investigate this question, this study employed a signal-detection task with gratings obscured in dynamic noise
under both active (self-generated) and passive (externally generated) conditions. Furthermore, participants filled out questionnaires
testing for hallucination-proneness. Preliminary results showed a significant increase in false alarm rates in the active condition as
compared to the passive condition, presumably driven by the significantly decreased response bias in the active condition, while d’ did
not differ between conditions. This suggests that action can lead to increased false alarms through overweighting priors in internal
models, instead of through changing perceptual sensitivity. Ongoing analyses will test how this effect relates to hallucination-proneness.
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Integration of Visual and Tactile Information in Perception of Motion: Insights from a Multisensory Study
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The perception of motion is prominently focused on exploring similarities between vision and touch. This involves both system’s ability
to analyze spatiotemporal information to discern directions and orientations of stimuli. Indeed, literature has shown that the perceived
direction of a moving plaid is influenced by the orientation of its constituent gratings in both vision and touch, where spatial information
is processed analogous to the visual system. The present study aimed to investigate whether the presentation of two moving gratings,
one presented visually and one tactually, leads to the integration of both into a unified perception and whether the different directions
assumed by these gratings can influence this perception. The experiment included three conditions: unimodal visual, unimodal tactile,
and bimodal synchronous visuo-tactile. During the experiment, participants faced RoOMAT, a robot designed for investigating perception
in multisensory motion tasks. ROMAT contains two physical rotating wheels that can be perceived visually and/or tactually. Participants
were then required to assess the movement’s direction of the perceived wheels: in the visuo-tactile condition, they were requested to
evaluate the direction of the tactile wheel. The directions of movement were randomly selected from -22°, 0°, and 22° for each trial. In
the multisensory condition, both visual and tactile wheels moved in the same direction during congruent trials, whereas they moved in
different directions during multisensory incongruent trials. Results indicated that the visual stimuli modulated the perception of the
tactile one. Notably, when visual and tactile stimuli had equal weights, participants' integration patterns aligned with the Maximum
Likelihood Estimation model. Conversely, this pattern of integration did not hold for conditions in which visual and tactile inputs had
differing weights. These results support that similar supramodal mechanisms are shared for visual and visual-tactile motion direction
mechanisms.
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IFaculty of Philosophy, University of Novi Sad (RS)

A salient but irrelevant distractor captures attention in a bottom-up way when target characteristics are not predictable — a singleton
search task. However, the distractor is ignored due to top-down control when the target feature value is consistent — a feature search
task. It is unclear what would be preferred when experimental conditions allow for both strategies or force participants to switch
between them. We developed tasks that ensures such conditions hoping to resolve theoretical issues. Participants (138 in total) were
shown a search set with 1 target shape and 4 distractor shapes (one of them with salient color in 50% of trials). We tested attentional
capture by distractor in: (E1) feature search task, (E2) singleton search task with unpredictable target shape, (E3) task with predictable
shape singleton target and an instruction to search for shape singleton, (E4) task with predictable shape singleton target, but instruction
to search for predefined shape, (E5) mixed task with singleton target in half of the trials and nonsingleton target in the other half. There
was no capture by distractor in Experiments 1 and 5. But, distractor presence slowed RTs in all the tasks with singleton target status
during the whole experiment, even if the instruction encouraged a top-down strategy (E2: t(26) = 7.37, p <.00; E3: t(26) = 6.70, p < .001;
E4: t(26) = 2.69, p = .012). Our research showed that in the task with a singleton target, participants direct attention in a bottom-up
fashion, resulting in attentional capture by irrelevant salient stimuli. In a task with a predefined target feature value, attention is guided
by the top-down target template, which allows for the inhibition of irrelevant signals. We conclude that the bottom-up strategy is the
default strategy, while the top-down strategy is preferred only to even costlier switching between strategies.
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Expectation is Insufficient: Assimilative Serial Dependence May Require Perceptual Information

Zoe Little?, Colin W. G. Clifford?
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The perception of orientation is subject to assimilative serial dependence, wherein the reported orientation of a stimulus is biased to
resemble the reported orientation of a stimulus presented in a similar location in the recent past. Serial dependence has been reported
to orientations that are merely imagined by participants (Sheehan et al., 2022), as well as to decisions made about orientation in the
absence of any visual input (Pascucci et al., 2019). These findings question the perceptual nature of serial dependence as they suggest
visual input may not be necessary for the bias to occur. In two experiments, we cued participants to expect either a leftward- or
rightward-tilted Gabor stimulus (Experiment 1, n = 25) or a horizontal or vertical Gabor stimulus (Experiment 2, n = 25) then presented
either the cued inducer stimulus or noise alone. Participants reported which stimulus, if any, they saw. We then presented a second
oriented Gabor stimulus and asked participants to rotate an on-screen pointer to match its orientation. We found that adjustment
responses were skewed towards the orientations of inducer stimuli when they appeared, indicating serial dependence, but observed no
serial dependence when participants were cued to expect a specific inducer stimulus but instead saw noise alone. Expecting a stimulus,
or preparing to make a response to that stimulus, is not sufficient to induce serial dependence. Our findings suggest perceptual
information is still important in serial dependence as it may be necessary to induce or enhance this bias.
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Age-related changes in automatic audiovisual speech processing in the McGurk effect

Wataru Teramoto?
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Visual lip movements can change phonetic perception, even if they are rendered perceptually invisible (Teramoto & Ernst, 2023, Sci Rep),
suggesting that visual information is automatically integrated with auditory speech information. This study investigated the age-related
changes in automatic audiovisual speech processing in the McGurk effect using a continuous flash suppression (CFS) technique. Twenty-
four young adults (21.04+1.73 years; age range: 19-28 years) and twenty-five older adults (75.56+3.73 years; age range: 71-85 years)
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participated, watching videos of a person vocalising one of three syllables: “Ba”, “Da”, or “Ga”. Both the with-CFS and without-CFS
conditions included audiovisual (AV) and audio-only set-ups. In the AV condition, AV-incongruent, McGurk trials (A: Ba, V: Ga), and AV-
congruent trials (AV: Ba, Da, Ga) were conducted. Results showed that McGurk effects in the with-CFS condition occurred solely for
young adults, whereas both groups exhibited similar effects in the without-CFS condition. Further analysis of individual differences in
older adults revealed that the magnitude of the invisible McGurk effect positively correlated with indices of fluid intelligence such as
working memory (letter number sequencing) and processing speed (coding). It has been reported that older adults exhibit good
performance in automatic processing, but deteriorated performance in conscious, effortful processing. However, results suggest that
automatic processing also declines, at least in audiovisual speech processing, which may, in turn, reduce conscious processing capacity
in older adults.

Acknowledgements: This work was partly supported by MEXT/JSPS KAKENHI Grants (20H05801 and 23H00076).
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Reward enables learning of a salient but task-irrelevant visual feature through representation plasticity in V1
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Pairing external reward (water or money) can induce visual perceptual learning (VPL) of the paired visual feature when the feature is
suprathreshold and salient. To examine reward-induced VPL and its underlying neural mechanisms, we trained two groups of participants
(i.e., the Reward and the Control group) on a task-irrelevant stimulus feature presented as a Gabor patch in upper left or lower right
quadrant over five days. The brain activation patterns of the Reward group were measured with fMRI before and after training. The
Gabor patch was tilted either 2.5° clockwise or counterclockwise of vertical and had one of six contrast levels (0.01 to 0.1). Participants
performed a contrast categorization task by responding (2-AFC) whether the Gabor patch belonged to the high or low contrast group.
The stimulus orientation offset from vertical remained salient but task irrelevant throughout training. However, in the Reward group (n
=16), a monetary reward was paired with one of the orientations (paired orientation) with 80% probability in one of the two stimulated
quadrants (the trained quadrant). Participants were instructed that the reward was provided based on their central fixation performance
(monitored with eyetracking). No reward was provided for the Control group (n = 5). Before and after training, participants performed
an orientation discrimination task for Gabor patches with 6 different contrast levels presented in either of the quadrants. We found
performance improvement for the paired orientation in both the trained and untrained quadrants in the Reward group. Meanwhile, we
found enhanced decoding accuracy of the two orientations exclusively in V1 of the visual cortices. There was no performance change for
the Control group. Our results suggest that external reward can enable VPL of a salient and suprathreshold visual feature through
representational plasticity in the early visual cortex.

Acknowledgements: Alexander von Humboldt Foundation.
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Human cognition relies on a combination of domain-general and specialised neural mechanisms. While fMRI studies have identified a
set of frontoparietal regions in supporting domain-general attentional control, it is less clear whether there are corresponding domain-
general oscillatory or aperiodic processes supporting different types of cognitive activity. In this study, we recorded neural signals using
combined MEG/EEG when participants were doing three cognitive tasks (working memory task, switching task, and multi-source
interference task) with different contents (alphanumeric vs. colour stimuli) and demands (easy vs. hard). After separating the oscillatory
and the aperiodic components using irregular resampling auto-spectral analysis, we used multivariate pattern analysis (MVPA) to decode
task demand (easy vs. hard) for each subtask. We found that both oscillatory power (in theta, alpha, and beta bands) and aperiodic
components (broadband power, slopes, and intercepts) could decode task demand for all six subtasks. Source estimation suggested
distinct spatial bases for the different demand-related oscillatory and aperiodic components. For the demand-related oscillatory
components, their spatial patterns are relatively focal, with mid-frontal regions for theta, occipital regions for alpha, and lateral-frontal
regions for beta. In contrast, the demand-related aperiodic components showed distributed patterns across the brain, partially
overlapping with the domain-general frontoparietal network. Our findings suggest the existence of a suite of oscillatory and aperiodic
neural mechanisms, each with distinct spatial profiles, that support domain-general attentional control across multiple tasks.
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This study investigated the effect of distance, a previously underexplored factor, on the weighting of sensory modalities during visuo-
haptic integration. Participants (N = 30, 15 per task) engaged in two tasks: one involving the haptic judgment of object thickness by
grasping a 3D-printed rod, and the other involving the visual judgment of object thickness by observing a virtual rod using a head-
mounted display. For both tasks, standard stimuli (16 mm in diameter) were presented either as haptic-only or visual-only stimuli,
followed by comparison stimuli (ranging from 13 to 19 mm), which integrated visual or haptic stimuli that were either increased or
decreased by 10%. Tasks were conducted at three distances (200, 325, and 450 mm) to examine the effects of distance on points of
subjective equality (PSE) relative to the standard stimuli. Modality weights were calculated from PSE in the £10% conditions. Results
showed that in the haptic judgment task, changes in visual stimuli and the effect of distance did not significantly affect PSE. However, in
the visual judgment task, changes in haptic stimuli significantly affected PSE, with the weighting of haptic information varying significantly
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with distance. Intriguingly, distance effects differed between the +10% and -10% conditions: haptic stimulus weight decreased with
distance in the +10% condition but increased in the -10% condition. These findings suggest that haptic information, independent of
distance, tends to dominate over visual information, which varies with retinal image changes due to distance, at least when using virtual
visual stimuli. Furthermore, the variation in weighting with distance in the visual judgment task depends on whether the visual or haptic
size is relatively thicker. This suggests that visual reliability may decrease when, despite expected reductions in retinal images with
distance, haptic input like the -10% condition causes visual inputs to become relatively larger.

Acknowledgements: Supported by JSPS KAKENHI Grant Numbers JP20K03500, JP23K03004.
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Macular degeneration results in the progressive loss of central vision and is the leading cause of blindness in the developed world. The
loss of central vision affects performance of a variety of activities of daily living, both limiting high acuity tasks like reading and increasing
isolation due to loss of mobility and decreases in physical and social activity. These outcomes are known to affect healthy aging and can
be associated with accelerated cognitive decline. Here, we explore how cognitive and physical changes in macular degeneration compare
with age-matched sighted controls. Data were collected from participants with macular degeneration and age-matched controls in both
the United States and United Kingdom. Cognitive function was assessed using the Montreal Cognitive Assessment validated for visually
impaired populations, the MoCA-Blind. Physical and lifestyle activity levels were evaluated using several measures, including the Timed
Up-and-Go functional balance instrument and/or the augmented Victoria Longitudinal Study activities questionnaire. Information about
the nature and extent of visual impairment was also collected. Preliminary findings reveal that overall average MoCA-Blind scores were
significantly lower in the macular degeneration group compared with sighted controls. MoCA-Blind scores were positively correlated
with physical and lifestyle activity levels as assessed by the Victoria Longitudinal Study activities questionnaire in both groups, regardless
of visual status. However, MoCA-Blind scores did not correlate significantly with scores on the Timed Up-and-Go test after controlling
for age. Understanding the consequences of macular degeneration beyond the eye is important in this ageing population; exploring
relationships between clinical vision measures, physical and lifestyle activity and cognitive function may help identify patient needs,
effective interventions and advance research exploring comorbidities between age-related visual impairment and other age-related
disorders leading to cognitive decline.
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Moving visual stimuli can elicit the sensation of self-motion in the absence of actual physical movement (vection) and may also cause
motion sickness-like sensations such as nausea, dizziness, or fatigue (visually induced motion sickness, VIMS). Factors such as optical flow
have been discussed to contribute to both vection and VIMS. The aim of the current study was to further investigate stimulus-based (i.e.,
speed) and individual-differences factors (i.e., visual dependence, anxiety, depersonalization) relevant for vection and VIMS. Thirty-four
participants (20 F, age = 19 to 44 years old) viewed a visual stimulus of alternating black-and-white vertical bars moving horizontally
across three adjacent monitors. Stimulus speed was varied (fast vs. slow) and each stimulus was presented 40 times. Vection onset time,
duration, and intensity were recorded for each trial. Levels of visual dependence (i.e., tendency to rely more on visual or non-visual cues
for spatial orientation), trait and state anxiety, and depersonalization (i.e., tendency to experience out-of-body sensations) were reported
prior to stimulus exposure using subjective measures. Results showed that vection duration, intensity, and onset time varied significantly
depending on stimulus speed, with faster-moving stimuli evoking longer lasting and more intense vection responses with shorter onset
time. A significant correlation was found between trait anxiety and vection intensity (r = .39) in the fast-moving condition, suggesting
that higher trait anxiety was associated with more intense vection. Only weak correlations were found between all other individual-
differences factors and vection intensity, duration, onset time (ranging from r = -.12 to -.01, and r = .02 to .32), and VIMS (ranging from
r=-.27 to-.03, and r = .04 to .28). Our findings suggest that trait anxiety may contribute to the perceived intensity of vection, whereas
visual dependence, state anxiety, and depersonalization might not be highly relevant factors for vection or VIMS.
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The perception of object shape underlies our ability to detect, recognize and manipulate objects. Both local (curvature) and non-local
(configural) shape cues contribute, and recent work has used specialized stimuli, computational modelling, and behavioural methods to
dissociate these contributions. Here we used high-density (128 channels) EEG to explore the cortical mechanisms involved in both local
and configural shape perception. Object shape silhouettes were presented during passive viewing in a Steady-State Visual Evoked
Potentials (SSVEPs) paradigm that allowed us to isolate differential brain processing between pairs of stimulus conditions. Our stimuli
were natural animal shapes (upright or inverted) and synthetic maximum-entropy shapes progressively matching local curvature
statistics of natural shapes, but without global (configural) regularities (Elder et al., 2018). Our findings (n = 32) reveal differential activity
in occipital and temporal cortices emerging 170-280 msec post-stimulus, influenced by both local curvature and global configural shape.
The local curvature statistics, particularly the variance, was found to have a clear effect on brain processing in visual cortex. However,
even when local statistics are fully controlled, responses to natural animal shapes are still quite distinct from the curvature-matched
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controls. Interestingly, the differential responses to natural animal shapes compared to curvature-matched controls is subject to an
inversion effect, highlighting the potential influence of semantic and holistic processing on the measured responses. It is important to
note, however, that inverted animals still produce measurable differential responses compared to curvature-matched controls,
suggesting that some configural properties survive the inversion. Future work will further explore what those properties are.
Acknowledgements: This work was supported by the Vision Science to Applications (VISTA) program funded by the Canada First Research
Excellence Fund (CFREF, 2016—-2023) and by a Discovery Grant from the Natural Sciences and Engineering Research Council of Canada
awarded to PJK.
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Items held in visual working memory (VWM) can influence early visual processing by favoring visual input that matches the contents of
memory. Recent studies have shown that memory items can have differing priorities within VWM depending on current task demands
and that prioritized and non-prioritized memory items might rely on distinct storage mechanisms. Here, we aimed to investigate how
the influence of VWM content on early visual processing depends on the priority state of the memory items. We utilized a double serial
retro-cuing task to manipulate the priority of memory items and measured their influence on two distinct hallmarks of early visual
processing—access to visual awareness and exogenous attention. This was done in three different experiments (total 72 participants)
employing different perceptual tasks: the breaking continuous flash suppression task (Experiment 1), the attentional capture task
(Experiment 2), and a visual search task (Experiment 3). Across all experiments, we found that participants could flexibly de-prioritize
and re-prioritize items in VWM, thereby directly influencing the extent to which early visual processing is affected by VWM content. That
is, stimuli matching prioritized VWM items gained access to consciousness faster and attracted attention more than stimuli matching
non-prioritized VWM items. Interestingly, stimuli matching non-prioritized memory items also showed a perceptual advantage over
stimuli that were unrelated to VWM content. When considering the experimental paradigms individually, non-prioritized memory items
primarily accelerated conscious access of memory-matching stimuli (Experiment 1), while having a negligible influence on the allocation
of attention (Experiments 2 and 3). These results suggest that both prioritized and non-prioritized memory items can influence early
visual processing, with certain perceptual tasks showing greater sensitivity than others. This finding implies that non-prioritized memory
items (akin to prioritized memory items) might be stored as sensory-like representations, thus allowing for interactions with concurrent
visual input.

Acknowledgements: China Scholarship Council.
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Background: Visual acuity (VA) is the fundamental test in the clinical routine to determine the integrity of visual function. Typically, the
measurement depends on subjective responses although this is unreliable in certain conditions, e.g., children and uncooperative
individuals. Visual evoked potential (VEP)-based objective measurement of VA generally overcomes this challenge, but it has limitations,
e.g., VA overestimation in amblyopia. Purpose: This study aims to establish and compare objective VA testing with the cognitive
component of the P300- event-related potential, in comparison to subjective VA (psychophysical) and VEP-based VA estimates in
participants with amblyopia. Methods: The psychophysical, VEP-based VA, and P300-based VAs were determined for amblyopic and
fellow eyes of 18 participants (aged 19-65 years) in a bicentric study. VEP-based VA is determined from the spatial frequency threshold
derived from occipital cortex pattern-pulse responses to check-sizes ranging between 0.048° to 8.95°. The P300 responses were elicited
by presenting visual oddball sequences to circular optotypes. The threshold was estimated from the sigmoid function of optotype gap
size versus P300-amplitude from the parietal region (Pz). The mean VA values [logMAR] were compared between methods for the
amblyopic eyes. Results: P300-based and psychophysical VA did not differ significantly (mean + SD [logMAR], 0.01 + 0.04, p > 0.05). In
contrast, VEP-based VA of the amblyopic eyes was significantly better than the psychophysical VA by 0.18 + 0.06, p < 0.001. Conclusion:
In amblyopia, the results demonstrate a better match of psychophysical with P300-based VA than with VEP-based VA. Consequently,
P300-based VA appears a valid objective alternative for VA estimation in amblyopia.

Acknowledgements: This project has received funding from the European Union’s Horizon 2020 research and innovation programme
under the Marie Sktodowska-Curie grant agreement No. 988682 (OptiVisT) and the German Research Foundation (DFG; #435838478 to
MBH and SPH).
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When viewing an ambiguous figure like the Necker cube, our perception switches from one orientation to another despite unchanged
sensory input. Previous studies have found two ERP components (P200 and P400) that increase in amplitude the less ambiguous the
stimulus is (“ERP Uncertainty Effect”). Furthermore, the P200 seems to be linked to short-term memory (STM) related to the ambiguity
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level of the previous stimulus and the P400 to the integration of this STM content with sensory evidence from the current stimulus. So
far, these effects have only been investigated on the group level. In the present study, we investigated whether the functional patterns
of the P200 and P400 amplitudes, observed in the group level can also be found in individual participants. Twenty-four participants
viewed pairs of Necker lattices where the ambiguity of the first stimulus and second stimulus were varied, resulting in four conditions:
(1) ambiguous/ambiguous, (2) ambiguous/disambiguated, (3) disambiguated/ambiguous, and (4) disambiguated/disambiguated. EEG
recordings of the second lattice were analyzed using machine learning classification algorithms trained to compare P200 and P400 ERP
peaks across conditions on the level of individual participants. Evaluation was done using the leave-one-out-method. Results indicate
that using a model related to STM storage (P200) and integration function (P400) as classification criterion for our EEG analysis revealed
classification accuracies of 79% at the Pz electrode. In most EEG studies it is critical to infer from group level results to data from individual
participants. The results from the current study suggest that the functional attribution of the P200 and P400 amplitude modulations may
allow for such inferences. This makes our paradigm interesting for current predictive coding approaches to visual perception. In future
studies, these individual markers could be used in patients with temporal integration impairments, like schizophrenia and autism.

Acknowledgements: We thank the Deutsche Forschungsgemeinschaft (DFG) for the funding of this research (TE 280/26-1 KO 4764/9-1).
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Visual hallucinations are associated with many states of disease including schizophrenia, Parkinson’s disease, Alzheimer’s disease,
epilepsy and vision impairment. Whilst many of these conditions are particularly prevalent in older adults, hallucinations tend to be
reported more frequently among younger adults, giving rise to an apparent contradiction. Potentially, older individuals may
retrospectively under-report hallucinations due to stigma. To resolve this paradox, we developed a novel approach to measuring
hallucinatory proneness by inducing hallucinations experimentally using two methods: a relatively bottom-up driven, high-frequency
visual flicker (‘Ganzflicker’) and a relatively top-down driven technique, relying on perceptual deprivation (Ganzfeld). Hallucinatory
experiences were quantified in real-time using button-presses, verbal prompts, and retrospective drawings. Our findings show that both
the number of hallucinations and the total time spent hallucinating in the Ganzfeld increased with age. No such relationship was observed
during the Ganzflicker. We suggest that age-related variations in hallucination susceptibility may be related to a variety of factors.
Advancing age may lead to an increased weighting of previous knowledge and expectations due to accumulated experience.
Concurrently, sensory deficits commonly arising with age may diminish the reliability of bottom-up sensory inputs, prompting individuals
to rely more heavily on top-down cognitive processes. This shift in bottom-up and top-down dynamics is particularly pronounced when
employing techniques that predominantly engage top-down processes to elicit hallucinations, such as the Ganzfeld, as opposed to those
that elicit their hallucinatory effect primarily through bottom-up stimulation, like the Ganzflicker. These differences in hallucination
susceptibility across the lifespan suggest that alterations in perceptual environments, such as Ganzfeld and Ganzflicker, might serve as
diagnostic "stress tests" for conditions associated with visual hallucinations, including sensory loss, Parkinson's disease, and dementia.
Acknowledgements: This work was supported by the Biotechnology and Biosciences Research Council [grant number BB/J014567/1],
grants from the National Institute for Health Research (NIHR) Biomedical Research Centre (BRC) at Moorfields Eye Hospital NHS
Foundation Trust and UCL Institute of Ophthalmology.
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In 1774, Comte de Buffon described an intriguing phenomenon: One square can be seen as two squares in the afterimage of the primary
scene. In 1786, Robert Darwin introduced Buffon’s observation to the Royal Society and asserted that the effect was due to Buffon’s
exercising of free-fusion binocular viewing during the afterimage induction period (“Ocular spectra”, p.341). This phenomenon can easily
be seen by anyone who has normal binocular vision and is experienced in free-fusion binocular viewing: Let such a viewer look at a red
square (e.g., 2 cm each side and viewed from a distance of 50 cm) on a white background, diverge their two eyes to focus on an imaginary
depth plane either in front or behind the real background, and they will see two red squares: one from each eye; stay in this viewing
condition for 30 seconds, move their gaze onto a white background, return their two eyes to the normal binocular viewing condition,
and they will see two cyan-colored afterimages. In 1901, William McDougall discovered a variant of this phenomenon: With free-fusion
binocular viewing, two squares can be induced into three afterimages with some binocular rivalry occurring in the middle one (“New
observations, Part 1”, p.61). As Buffon and McDougall discovered two variants of this phenomenon independently, | propose that this
phenomenon be referred to as the Buffon-McDougall phenomenon. Now | demonstrate an important implication of this phenomenon:
A critical aspect of this phenomenon is that after the afterimage induction period when the viewer’s two eyes return to their normal
binocular viewing condition, the two afterimages still remain separate in their own locations—apparently, the visual system has
“memorized” the relative positions of the two afterimages. This memory must have happened at a binocular stage; therefore,
afterimages must be cortical in origin.
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Humans use mental simulation and eye movements to facilitate perceptual decision-making
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A fundamental property of the human brain is the ability to use mental simulation to make predictions about the behaviour and
appearance of objects. For example, in mental rotation, humans can visualize object rotations, and compare predicted object appearance
across different simulated viewpoints. Due to non-uniformities in object viewpoint perception, the amount of visual change that occurs
as an object rotates can differ depending on both the object and the viewpoint it is seen from. This study investigated how humans use
mental simulation to solve a perceptual decision-making task (judging non-uniformities in object viewpoint perception), and how they
sample visual information via eye movements to facilitate this mental simulation. Twenty participants were presented with the most and
least discriminable viewpoints of an object, as predicted by an optical-flow model. They had to choose which viewpoint they would prefer
to use in a subsequent discrimination task that was easier if they chose the most discriminable viewpoint. We predicted that to choose
the easier viewpoint, participants would have to simulate each viewpoint’s appearance if it rotated slightly, and they should look at
specific informative regions on the object (model-predicted regions that would undergo the most displacement with rotation) to facilitate
this mental simulation. Results show that 1) participants could infer and choose which viewpoint was easier for the discrimination task;
2) they tended to look more frequently at informative regions on the objects; and 3) participants who looked at more informative regions
chose the easier viewpoint more often.

Our results suggest that to perform fine-grained mental simulation people need to direct their gaze to informative points of an object to
simulate how its appearance might change. They also show that our internal representations and simulations are driven by the proximal
information that is gathered using precisely planned eye movements.
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We present an illusion in which apparent motion appears to trigger colour filling-in. The illusion consists of two alternating displays of
coloured discs. Display 1 shows rows of equally sized purple discs. Display 2 shows rows of alternating pink and blue discs of the same
size as Display 1. The pink and blue discs overlap partially, with the overlapping areas being the same purple as the purple discs in Display
1. There are two versions of Display 2. In one version (Display 2A) the pink discs are in the same position as the purple disc of Display 1.
In the other version (Display 2B), the blue discs are in the same position as the purple discs of Display 1. When the displays alternate (i.e.
Display 1 and Display 2A, vs. Display 1 and Display 2B), the purple discs appear to jump sideways, apparently suppressing the colour of
the 'underlying' blue discs (Display 2A) or pink discs (Display 2B) and filling them with the colour purple. This leads to the perception of
a predominantly purple/pink colour impression for Display 2A and a purple/blue colour impression for Display 2B. The illusory displays
were shown during the demo night at ECVP 2022 and largely confirmed by the audience. A recent experiment with 30 participants
confirmed our initial observation, but also revealed some interesting individual differences. We will discuss possible underlying
mechanisms.
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Through the Lens of a Colour Blind: Exploring impacts of simulated colour blindness on schoolchildren

Harpreet Dlay?, Gabriele Jordan?

INewcastle University (UK)

With an increase in school resources relying on colour cues, children with colour vision deficiencies (CVD) are increasingly impacted
academically and emotionally. Yet the awareness of the problem is lagging, with no mandatory screening for CVD or adjustments to
support affected children. Is it time to re-evaluate current screening policies? Here, we induced CVD in colour-normal children to
investigate whether underperformance on a typical task using colour, influences children’s levels of frustration and confidence. Using a
repeated measures design,181 schoolchildren (85 males, 6-11 years) with normal colour vision completed two colour-by-number
worksheets with and without ‘Variantor Dichromatic Spectacles’ in their school environment. Counterbalancing was applied and
feedback was given regarding performance. Children rated their frustration and confidence on 5-point Likert scales after each task. As
expected, children achieved lower scores during the Variantor condition (with Mdn = 4.00, without Mdn = 6.00) (z =-10.56, p <.001, r =
-0.56) and took longer (with = 5.52 minutes, without = 3.80 minutes) to complete the worksheet. Wilcoxon Signed Ranks tests revealed
Variantor spectacles induced significantly higher levels of frustration (with Mdn = 3.00, without (Mdn = 1.00) (z = -9.86, p < .001, r = -
0.52), and lower levels of confidence (with Mdn = 4.00, without Mdn = 5.00) (z = -9.27, p < .001, r = -0.49). Although our study used
colour-normal children to test potential impacts of simulated CVD, results imply CVD can have negative consequences on children’s levels
of frustration and confidence on a single occasion. We suspect a lifetime of accumulated failures during colour-related tests can lead to
poor outcomes in children’s development of self-esteem. Our findings clearly add to the growing body of evidence suggesting children
should be screened for CVD, so reasonable adjustments can be made to avoid potential detriments to their social-emotional
development.

147
Decoding emotional content of complex social scenes in the human brain and deep neural networks

Elahe Yargholil, Laurent Mertens?, Joost Vennekens?, Jan Van den Stock?, Hans Op de Beeck!

1KU Leuven (BE)

Humans can evaluate the emotional meaning of complex social interactions in real-life settings, but it is unclear how this assessment is
achieved. Previous research suggested that the emotional content of images is represented in visual areas of the brain and captured by
basic artificial intelligence (Al) models. However, they included simple images and these findings may not apply to complex scenes
involving social interactions. Here, we prepared stimuli depicting social human interactions in emotionally loaded scene contexts, e.g.
funerals. Across the full set the valence of the people in the scene was partially dissociated from the valence of the scene context, e.g.
people laughing at a funeral. Neuroimaging (fMRI) responses showed that visual areas represent the emotional valence of the scene
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context and not the valence of people in the scene and category-selective areas are not the main regions for coding valence. Instead,
category-selective areas respond to properties of faces and scene elements related to the category preferences of these regions. Neural
responses selective to the valence of people in the scene and the image as a whole are only generalized across images in the association
and frontal cortex. Al responses showed existing models for image valence processing rely mostly on the valence of the scene context
while advanced multi-modal Al models that integrate text and vision can partially capture the valence of the social interactions on top
of the valence of the scene context. Neuroimaging and behavioral mouse-tracking experiments disclose different processes for perceiving
social stimuli with (mis)match between the valence of the scene context and the valence of people in the scene and this two-fold
mechanism is a challenge for Al in modeling social perception. Our findings indicate that understanding complex social interactions
requires advanced cognitive processes that go beyond the coding of visual features.

Acknowledgements: This work was supported by Fonds voor Wetenschappelijk Onderzoek 12A6122N, GOD3322N, and G073122N; and
Excellence of Science Grant GOE8718N.
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Binocular Rivalry Priming Reveals the Dynamics of Mental Imagery

Agnes Welker?, Orsolya Pet6-Plaszké?, Istvan Winkler, llona Kovacs?

IHUN-REN-ELTE-PPKE Adolescent Development Research Group (HU), 2E6tvos Lorand University (HU)

There has been a recent surge in interest surrounding imagery vividness extremes, such as aphantasia and hyperphantasia, driven by the
prospect of gaining deeper insights into the brain as a predictive instrument, where memory traces are reconstructed as simulations of
future events. However, reliable methods for assessing imagery strength remain elusive. Here we employ a no-report version of binocular
rivalry (BR) priming to avoid the issues of subjectivity and response bias. Participants view rivalrous gratings moving in opposite directions
while their eye-movements are registered. Perceived appearance of the stimulus and its spontaneous reversals are accompanied by
shifts in oculomotor behaviour, namely, the smooth pursuit phase of optokinetic nystagmus (OKN) corresponds to the dominant direction
of motion, therefore, no responses are required in the form of button presses. Smooth pursuit segments are identified, interpolated
where necessary, and joined probabilistically into a continuous record of cumulative smooth pursuit (Aleshin et al. 2019). Prior to each
BR-OKN trial, participants are primed either with a real stimulus cueing them towards a specific motion direction or through various
internal prime conditions. In the visual internal prime condition (VIS), participants visually imagine the grating moving in a particular
direction, while in the verbal internal prime condition (PROP), they repeat a proposition regarding the direction of movement during the
priming period. Hyperphantasic participants exhibit significant priming after VIS, and a marginal trend towards priming after PROP.
Conversely, aphantasic participants demonstrate priming after PROP but not after VIS. Neurotypical participants, as determined by the
Vividness of Mental Imagery Questionnaire, present a varied response pattern with most individuals displaying limited priming effects
and no clear preference for either VIS or PROP. The no-report BR priming method not only offers a novel objective evaluation of mental
imagery, but the results also suggest a potential trade-off between visual and abstract representations.

Acknowledgements: OTKA K 143084, Hungary, to IK.
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Augmenting functional vision using automated tactile guidance

Marcin Furtak®2, Florian Patzold?, Piper Powelll, Milad Rouygari?, Silke Karcher?, Peter Konig!-3

10snabriick University (DE), 2feelSpace GmbH (DE), 3University Medical Centre Hamburg-Eppendorf (DE)

We developed a tactile bracelet to haptically guide and enable the grasping of objects without vision. Our previous study shows that
both blindfolded and blind people can distinguish between tactile signals and that their performance in a grasping task is comparable
when guided by an experimenter with the use of auditory and tactile commands. Currently, we are aiming to fully automate the solution
without affecting the participants’ performance. The automated solution setup consists of object detection and hand-guiding heuristics.
For the object detection component, we use two YOLOvV5 networks trained on the COCO and EgoHands datasets to detect objects and
hands, respectively. To enable targeting a specific instance of the object rather than a whole class we are utilizing the StrongSORT object
tracking algorithm. Preliminary results from a pilot study conducted on blindfolded participants show the system’s ability to effectively
guide the hand to the selected target object placed on the shelf. Performance was similarly robust regardless of the object placement
and hand initial position. Additional computations related to the processing of object detections and hand-guiding logic impacted the
performance speed with a single frame from the camera processed for roughly 100ms. Nonetheless, smooth and precise guidance was
still possible even under such conditions. Importantly, participants provided positive feedback about the usability of and their experience
with the bracelet and several suggestions about potential improvements. Upon optimization of the current setup and the addition of the
more precise distance estimation component, we plan to conduct further experiments testing the system's ability to perform in several
different environments and conditions. Our end goal is to create a system that blind people can use independently without any need for
human assistance, enhancing their autonomy and quality of life.

Acknowledgements: This project has received funding from the European Union’s Horizon 2020 research and innovation programme
under the Marie Sklodowska-Curie grant agreement No 955590.
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Object tracking without objects: Perceiving persistence defined by pure change

Dawei Bai?, Brian Scholl?

Lyale University (US)

Object tracking seems to require objects: to identify a change in position over time, you must perceive the position of *something*—a
shape, or at least a consistent visual feature. Here we show through vivid demonstrations and multiple experiments that this is not so:
we reflexively perceive—and can reliably track—objects defined by *pure change*. In basic demonstrations, we showed observers
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displays filled with hundreds of small crosses, arranged in a regular grid, with each individual cross oriented randomly. Certain crosses
then suddenly changed orientations—one cross at a time, in a sequence from each cross to its neighbor, but never repeating the same
orientations. Unlike typical displays, such animations have no objects with features that persist from moment to moment: every static
frame simply contains an array of randomly-oriented crosses. And unlike motion-defined objects (e.g. with random-noise patches moving
on a random-noise background), there is nothing consistent to track from frame to frame. Nevertheless, observers vividly perceive
moving objects which persist across time due only to pure change. A series of experiments first showed that observers can readily detect
such change-defined objects amidst carefully equated distractors—often with near-ceiling performance. Moreover, observers can even
perform multiple-object tracking when all objects (both targets and distractors) are defined by pure change. We also generalized this
phenomenon in several ways, showing that it also occurs when the changes themselves involve features (such as brightness) without
local motion—and indeed even when different kinds of changes are haphazardly interleaved (e.g. with an orientation change to one
cross followed by a brightness change to its neighbor, etc.). Thus change alone can fuel the perception of persisting objects—an ability
that may be useful, e.g. when seeing the movement of a short animal through changes in the tall grass.

151
Effects of top-down attention on audiovisual binocular rivalry

Kosuke Yamamoto?, Katsumi Watanabe!

1Waseda University (JP)

Multisensory integration has been reported to modulate the visual awareness in binocular rivalry. In the previous audiovisual and
olfactovisual studies, awareness of congruent stimuli was readily formed. These effects of multisensory integration, where
integrated sensory information is more readily formed into consciousness, align with predictions from the Integrated Information Theory
of consciousness (lIT). However, there remains the possibility that integrated sensory information is more attention-grabbing, then may
consequently be formed into consciousness, as the Global Workspace Theory (GWT) predicts. The present study investigated the
influence of top-down attention to the audiovisual congruent stimuli in the binocular rivalry. Random-dot kinematograms (RDKs) are
presented to each eye and moved in the opposite direction. Different colors for the dots and background were presented to the left and
right eyes. Auditory stimuli were presented that corresponded to the direction of movement presented in either eye. Participants were
tasked with responding to the direction of dot motion, the color of the dots, or the color of the background, depending on the condition.
The duration of periods during which either of the left or right stimuli was predominantly perceived was recorded and compared among
the attending-motion, attending-dot color, and attending-background color conditions.

152
Shape-specific chromatic adaptation precedes history biases in color perception

Toni Saarela?, Maria Olkkonen?

1University of Helsinki (FI)

Color percepts in delayed-matching tasks are biased towards recent stimulus history. When the stimulus set contains two distinct shapes
that have partly overlapping color distributions, both attractive and repulsive biases are observed: in within-shape comparisons, color
estimates are shifted towards the mean color, while in across-shape comparisons, color estimates are shifted away from the respective
mean color. This result is not consistent with either a general or a shape-specific history bias but is instead qualitatively predicted by
shape-specific adaptation to color range, followed by a common bias towards stimulus history. We present a quantitative formulation of
this two-stage model, where the shapes are first subjected to adaptation to their respective color range, after which there is a general
bias towards the central tendency of the adapted ranges (adaptation+central tendency bias or CTB). We fit the model to individual data
from 46 observers across four experiments and compared the full model fits to models with only adaptation or only CTB. All observers
showed both adaptation and CTB, CTB being stronger for most observers. The two effects were not correlated significantly across
observers, indicating that they are subserved by separate mechanisms. For one of the experiments, we were able to assess the evolution
of the two effects across two runs. This analysis showed that CTB developed quickly with no significant difference between runs (mixed
effects model with run as fixed effect and observer as random effect, F(1,19)=0.26,p=0.61). Adaptation, on the other hand, developed
more slowly and was significantly stronger in the second run (F(1,19)=5.84, p=0.026 ). History biases in color perception are not
determined solely by the chromatic content of the stimulus ensemble. Adaptation to the shape-specific chromatic range occurs first for
each distinct shape, and history biases operate on the adapted color percepts.

153
Pre-stimulus alpha oscillations encode stimulus-specific visual predictions

Dorottya Hetenyil, Joost Haarsma?, Peter Kok?!

tUniversity College London (UK)

Predictions of future events have a major impact on how we process sensory signals. However, it remains unclear how the brain keeps
predictions online in anticipation of future inputs. Here, we combined magnetoencephalography (MEG) and multivariate decoding
techniques to investigate the content of perceptual predictions and their frequency characteristics. Participants were engaged in a shape
discrimination task, while auditory cues predicted which specific shape would likely appear. Frequency analysis revealed significant
oscillatory fluctuations of predicted shape representations in the pre-stimulus window in the alpha band (10-11 Hz). Furthermore, we
found that this stimulus-specific alpha power was linked to expectation effects on shape discrimination. Our findings demonstrate that
sensory predictions are embedded in pre-stimulus alpha oscillations and modulate subsequent perceptual performance, providing a
neural mechanism through which the brain deploys perceptual predictions.
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Neural Dynamics of Part-Based Face Perception

Yasemin Gunindi?, Cicek Gliney?, Huseyin Ozkan?, Nihan Alp?

1Sabanci University (TR)

Faces, abundant in social cues, are vital in everyday life. Despite their ubiquitous presence, research on dynamic face perception often
focuses on emotional contexts, leaving a gap in understanding the processing of non-emotional, dynamic facial information, particularly
concerning the eyes and mouth. Here, we investigate the neural mechanisms involved in processing dynamic information from individual
facial parts during face perception. Using muted grayscale videos of models vocalizing a text, we manipulated the presence of a blink
and spatial layout (upright or inverted), while frequency-tagging the eyes and mouth at 6 Hz and 7.5 Hz, respectively. Two experiments
were conducted, with steady-state visual evoked potentials recorded via EEG. In Experiment 1, participants judged temporal order
(backward or forward) while fixating on a central cross, showing proficient performance (d’ > 0). To minimize language comprehension
effects, Experiment 2 employed an orthogonal task (all d’ > 0). Topographic maps In Experiment 1 revealed a central-occipital focus for
the eyes and a broader left lateral-occipital focus for the mouth, suggesting a general tendency for covertly attending the mouth region.
Experiment 2 yielded similar results, albeit with diminished left lateralization of neural activation. Analysis of 6 occipital channels In
Experiment 1 revealed a significant orientation effect consistent with existing literature (p <.01). Interestingly, attentional bias towards
the mouth was absent in inverted faces, where a marginally significant blink effect in the occipital area was observed (p = .05). In both
experiments, individuals prioritized cues from the mouth when viewing upright face videos presented forward or backward. This study
enhances our understanding of dynamic face perception by underscoring the significance of dynamic part-based cues in shaping visual
processing.

Acknowledgements: This work was funded by TUBITAK 1001 (122K922).
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The Feature Filtering Function from Consciousness to Working Memory

Zefan Zheng?, Darinka Triibutschek?, Jaan Aru?, Lucia Melloni®

IMax Planck Institute for Empirical Aesthetics (DE), 2University of Tartu (EE)

Consciousness and working memory (WM) are two central topics in psychology and neuroscience. However, the debate on whether and
how content in consciousness enters WM has persisted for decades. In this study, we investigate the feature filtering function from
consciousness to working memory regarding a single fully attended stimulus with seven attributes, including location, size, color, tilt,
letter case, numeric identity, and parity. We used the attribute amnesia paradigm by probing only one attribute of the stimulus in the
first 43 trials, followed by a surprising probe of the memory of another attribute in the subsequent five trials. Firstly, we demonstrate
how these seven attributes show different levels of availability in WM on the surprise trial (Experiment 1; N = 1344), revealing three
feature filtering functions: spatial resolution, semantic advantage, and color asymmetry. To confirm that all attributes are indeed
consciously experienced during stimulus display, we found that even the most forgotten attribute in WM, such as letter case, is available
in iconic memory within 300 ms after the stimulus offset using a change detection task (Experiment 2; N = 96). Finally, different memory
performances may be influenced by varying levels of attention allocated to each attribute (a pre-perceptual mechanism) or prioritization
of encoding one attribute into WM leading to different levels of loss of the others (a post-perceptual mechanism). By replicating the
patterns observed in Experiment 1in a design where all attributes are equally task-relevant (Experiment 3; N = 128), we provide evidence
for the post-perceptual mechanism while fully controlling the pre-perceptual mechanism. Our results offered not only strong evidence
for consciousness overflowing WM but also revealing a two-system model of WM consolidation that is independent from attention: a
fast-decaying sensory memory system and an advantaged semantic memory system.

Acknowledgements: Max Planck Society.
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Kinematic Features Influencing Affective Responses to Bodily Motion in Shorinji-Kempo Martial Artists

Mikiko Kashiwai?, Hirokazu Doi?

INagaoka University of Technology (JP)

Bodily movement serves as a rich source of information. Performance artists leverage this expressiveness of bodily motion to evoke
aesthetic responses in observers. Similarly, in martial arts scoring competitions, judges conduct affective evaluations of athletes' bodily
movements across various affective dimensions. However, the perceptual mechanism underlying the formation of affective and aesthetic
evaluations of bodily motion remains unclear. To address this gap, the present study investigated the relationship between kinematic
features of bodily motion and its affective evaluations. Initially, we recorded the bodily motion of Shorinji-Kempo martial artists using
3D motion capture (mocap) technology. Subsequently, we generated point-light display animations (PLDs) based on these recordings.
The primary phase of the study involved an online experiment where about 200 participants viewed these PLDs and provided affective
evaluations of "strength," "beauty," "sharpness," and "intensity" using Likert scales. Kinematic features were extracted from the mocap
data, and after standardizing both the subjective scores and kinematic features, we subjected the data to principal-component (PC)
multiple regression to model the association between affective evaluations and kinematic features for each participant. The standardized
coefficients were analyzed at the group level to identify the kinematic features associated with affective evaluation of bodily movement.
The findings revealed that the four dimensions of affective evaluations were linked to largely shared, albeit slightly different sets of PCs.
Further analysis indicated that acceleration played a significant role in all affective evaluations, contrary to the presumed insensitivity of
the human visual system to acceleration information. These results suggest that the neural system forms affective evaluations of bodily
movement by flexibly integrating multiple and subtle cues from kinematic features.
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Core neural dimensions of functionally selective areas in the human visual cortex
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Leonard van Dyck?, Martin N. Hebart!, Katharina Dobs?

Lustus Liebig University Giessen (DE)

Prior research has extensively documented functional selectivity for categories within visual cortical areas, primarily by contrasting neural
responses to images from various categories. However, such categorical approaches are less suitable to capture the diversity of neural
representations within these areas. Do category-selective areas encode holistic categories, or are they instead tuned to multifaceted
features? To address this question, we employed non-negative matrix factorization (NMF) for analyzing human fMRI responses to natural
images in face-, body-, and scene-selective areas, which uncovered a consistent set of interpretable neural dimensions across
participants. These dimensions not only aligned with the areas’ respective category preferences, but also revealed finer within-category
distinctions, indicating selective tuning to diverse visual input features. Mapping these dimensions onto the cortical surface displayed
both clustered and distributed topographies, which accounted for overlaps between areas. Our results suggest that category-selective
areas show multifaceted feature tuning, challenging traditional views and highlighting the complex interplay of neural dimensions in
encoding visual information.

Acknowledgements: Supported by the German Academic Scholarship Foundation (doctoral scholarship to L.v.D.), the ERC (ERC-2023-
STG-101117441 to K.D.), the HMWK (LOEWE Professorship to M.N.H. and ‘The Adaptive Mind’ to M.N.H. and K.D.), and the DFG
(222641018-SFB/TRR-135 to M.N.H. and K.D.).
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The influence of dimmed lighting conditions on naturalistic obstacle negotiation in young and older adults

Danishta Kaull, Alexander Brownlee!, Magdalena letswaart!, Gemma Learmonth?

tUniversity of Stirling (UK)

Falls due to slipping and tripping in older adults are a major public health concern, since over one third of adults aged over 65 experience
falls annually. These incidents can lead to severe consequences for older adults such as lower quality of life, hospitalization and increased
risk of death. The risk of falls escalates with age-related decline in the visual, vestibular, and somatosensory systems. Moreover, changes
in natural gait patterns and risk of falls are influenced by the amount of ambient light within the immediate environment. Adaptive gait
mechanisms vary with age. While young individuals can effectively modify their gait when visual information is limited (such as when
lighting is dimmed or low), older adults are less able. This interaction between the visual and locomotor systems is especially evident
during obstacle negotiation, reflecting an adaptation in movement strategies based on visual cues. This proposed study will investigate
how different light conditions influence walking patterns and obstacle negotiation in young and older adults. Participants will walk along
a track, on which obstacles will be projected, either prior to starting (predictable obstacles) or after they have started walking
(unpredictable obstacles). Mobile EEG data will be collected during naturalistic walking to identify neural correlates of successful and
unsuccessful obstacle negotiations. We predict that older adults will have reduced speed, shorter stride length, increased stride time
and more obstacle negotiation errors relative to young adults, particularly in dimmed and dark lighting. Additionally, negotiating
unpredicted obstacles in lower lighting conditions will involve greater proactive cognitive control (as indexed by frontal theta oscillations)
relative to predictable obstacles, and obstacles presented in full ambient lighting. This will allow us to better understand how the visual
environment places increased cognitive demands on older adults during real-world behaviours, and to design environments more
effectively to minimise these demands.

Acknowledgements: Funder- Institute for Advanced Studies (University of Stirling).
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Hierarchical cortical entrainment orchestrates the multisensory processing of biological motion

Li Shen?, Shuo Li%, Yuhao Tian?, Ying Wang?, Yi Jiang?!

linstitute of Psychology, Chinese Academy of Sciences (CN)

When observing others’ behaviors, we continuously integrate their movements with the corresponding sounds to achieve efficient
perception and develop adaptive responses. However, how human brains integrate these complex audiovisual cues based on their
natural temporal correspondence remains unknown. Using electroencephalogram, we demonstrated that cortical oscillations entrained
to hierarchical rhythmic structures (i.e., step cycle and gait cycle) in audiovisually congruent human walking movements and footstep
sounds, and the strength of the entrainment effect was higher than that in the visual-only or auditory-only condition, indicating
multisensory gains. Notably, the entrainment effects at different time scales exhibit distinct modes of multisensory integration, i.e., an
additive integration effect at a basic-level integration window (step-cycle) and a super-additive multisensory enhancement at a higher-
order temporal integration window (gait-cycle). Moreover, only the cortical tracking of higher-order rhythmic structures is specialized
for the multisensory integration of human motion signals and correlates with individuals’ autistic traits, suggesting its functional
relevance to biological motion perception and social cognition. These findings unveil the multifaceted roles of entrained cortical activity
in the multisensory perception of human motion, shedding light on how hierarchical cortical entrainment orchestrates the processing of
complex, rhythmic stimuli in natural contexts.

Acknowledgements: This research was supported by grants from the Ministry of Science and Technology of China (STI2030-Major Projects
2021ZD0203800 and 2021ZD0204200), the National Natural Science Foundation of China (Nos. 32171059 and 31830037), the
Interdisciplinary Innovation Team (JCTD-2021-06), the Youth Innovation Promotion Association of the Chinese Academy of Sciences, and
the Fundamental Research Funds for the Central Universities.
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Beneath the Surface: Feature Synergy Improves Texture Segregation but not Shape Perception

Cordula Hunt?, Glinter Meinhardt?
1Johannes Gutenberg University Mainz (DE)
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Simultaneous texture modulation in two feature dimensions improves detection and shape discrimination performance significantly
more than expected from independent feature processing. However, the roots of this feature synergy effect remain unidentified. We
investigated the predictive power of the low-level metric of contrast energy, which quantifies the average local energy at a given scale
and orientation. Contrast energy proved to be a good predictor of feature synergy in the detection of both feature-modulated and
feature-variability (bandwidth) modulated textures. Synergy was robustly predicted by mechanisms analogous to early visual processing,
suggesting that saliency-based enhancement of figure-ground segregation plays a critical role in the psychophysical feature synergy
effect. Extending our investigation beyond simple figure-ground segregation, we investigated the discrimination of complex shapes. Our
results revealed an interesting asymmetry: While a strong synergy persisted for target detection over a wide sensitivity range, it
decreased significantly for complex shape discrimination. This discrepancy remained evident even on a neutral saliency scale, where
luminance contrast was cross-modally matched to the feature contrasts in orientation and spatial frequency used for shape
discrimination. In addition, we investigated feature synergy for maximum feature differences between target and background, where
perfect detection performance was achieved. Unexpectedly, the accuracy of shape discrimination for combined features fell short of
perfection. This divergence highlights that increased target saliency alone is not sufficient to extract distinct shape representations from
textured stimuli. In summary, our results indicate that feature synergy occurs during figure-ground segregation based on saliency, but
that there is no additional synergy for extracting distinct shapes from textures.
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Searching for color with color-enhancing filters

Camilla Simoncelli, Don McPherson?, Kenneth Knoblauch3, Michael A. Webster!

1University of Nevada Reno (US), 2Chief Science Officer EnChroma (US), 3Inserm U 1208, Stem-cell and Brain Research Institute (FR)
Notch filters can enhance color contrasts by selectively altering the light spectrum reaching the eye, and are similar in effect to wide
gamut (narrowband) lighting. However, the conditions and tasks for which such filters improve color vision remain debated. We
examined the impact of notch filtering for color-normal observers performing a naturalistic, visual-foraging task for a colored “fruit” on
a dappled “foliage” background (McDermott et al. JOV 2010). Chromaticities on the display were calculated to simulate Munsell surfaces
viewed under D65 lighting either with or without the filter, which was based on the transmittance of the Enchroma SuperX® glasses.
These glasses amplify chromatic contrasts along a roughly magenta-lime axis by increasing colorimetric purity of some spectra, and are
designed for use by normal trichromats. Mean luminance and chromaticity for the filtered and unfiltered images were equated by
assuming von Kries adaptation to the average spectrum. Background ellipses varied along either the S-cone axis (typical of some foliage)
or a blue-yellow axis (typical of panoramic natural scenes), while target colors were sampled from a wide range of hue angles and
contrasts in cone-opponent space. The 0.5 degree target color was randomly positioned on the 11.6 by 20 degrees background, with
reaction times measured for detecting the location (left/right). Nine color-normal observers completed 20 repetitions for each
target/background condition, with the order of the filter condition counterbalanced and unknown to participants. Median reaction times
decreased systematically with increasing distance of the target chromaticity from the background chromatic axis. However, for both
backgrounds, overall search times for off-axis colors were faster with the simulated filters, with stronger enhancements for the blue-
yellow background. These results demonstrate that color-enhancing filters can potentially improve performance on common everyday
tasks, like visual search for color, particularly in specific colorful contexts.
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Visual encoding of social interactions in body-selective human brain regions

Paul Downing?, llona Martynenko?

1Bangor University (UK), 20snabrtick University (DE)

Social vision studies of the human visual system have focused on the representation of individuals, identifying regions that contribute to
the perception of single faces, bodies, and movements. More recent functional neuroimaging work has examined the encoding of
interacting people, typically shown in highly schematized images or animations, revealing selective activity in the posterior superior
temporal sulcus and in the extrastriate body area. Further, recent neurostimulation evidence demonstrates a causal role for the left
extrastriate body area in encoding static images of facing dyads. Here we sought to further test whether the extrastriate body area is
attuned to social interactions depicted in more naturalistic images. We performed new analyses of an open 7T fMRI data set in which 8
participants viewed thousands of images from the COCO image database. We analysed the responses to about 200 images that were
seen by all participants and had 2 or more people depicted. We collected new behavioural ratings for each image on the extent to which
it depicted social interaction. These were supplemented by a simple textual analysis of image labels from the COCO dataset. The number
of people in each image was measured via subjective ratings and with a simple neural network object detection algorithm. Each image
was also given a position coefficient describing the spatial distribution of people over the scene. These measures were all applied as
regressors to explain observed responses to the images in the individually localised extrastriate body area of each participant. We found
significant evidence for increasing responses in both hemispheres as a function of the extent of social interaction depicted, above and
beyond the number of individuals per se. These findings confirm and extend evidence for a role of the extrastriate body area in
representing social interactions in realistic images.

Acknowledgements: DAAD RISE Worldwide.
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Saccade kinematics and post-saccadic oscillations in retinitis pigmentosa and age-related macular degeneration

Jeroen Goossens?, Leslie Guadron?, Samuel Titchener?, Carla Abbott3, Lauren Ayton3, John van Opstall, Matthew Petoe?

IDonders Institute (NL), 2Bionics Institute (AU), 3University of Melbourne (AU)

Eye-movement studies in patients with visual field defects have mainly focused on exploration strategies rather than saccade kinematics.
However, understanding how saccade trajectories adapt within these constraints is crucial. We compared saccade behavior in subjects
with age-related macular degeneration (AMD, n=6) or retinitis pigmentosa (RP, n=5) to normal vision (NV, n=7) using a horizontal saccade
task and pupil-based eye tracking. Visual deficits were assessed using Goldman perimetry (RP patients) or fundus autofluorescence
imaging (AMD patients). We employed Macular Integrity Assessment (MAIA microperimetry) to identify eccentric fixation and determine
each eye’s preferred retinal locus, enabling precise mapping of binocular blind areas. We analyzed reaction times and target localization
relative to the subjects’ visual field defects. Additionally, we quantified the relationship between saccade amplitude, duration, and peak
velocity, considering recent speed-accuracy trade-off theories in optimizing vision. In both patient groups, we observed deficits in
reaction times and localization accuracy, along with alterations in saccade kinematics. Particularly in RP patients, saccades were slower
and exhibited atypical velocity profiles, with the most significant impact seen when the target was within their blind field. Additionally,
we observed distinct post-saccadic oscillations (PSOs), indicating compromised retinal image stability in AMD and RP patients. Using a
damped oscillation model, we found larger PSO amplitudes, longer decay time constants, and lower frequencies in patients compared
to controls. While PSO amplitude correlated positively with saccade deceleration across groups, other PSO parameters did not
consistently correlate with saccade kinematics. We conclude that central and peripheral retinal damage influences the saccade main
sequence, emphasizing the role of vision in planning saccade kinematics. Moreover, compromised post-saccadic fixation stability in AMD
and RP patients is due to abnormal PSOs, indicating anatomical and neuronal variations affecting PSOs. These abnormalities underscore
the challenges individuals with retinal pathology face in maintaining retinal image stability and visual acuity.

Acknowledgements: European Union Program FP7-PEOPLE-2013-ITN ‘HealthPAC’, grant 604063 - IDP, the RadboudUMC, and the EU
Horizon 2020 program, ERC advanced Grant, ‘Orient’, nr. 693400.
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Visual feedback codes during amodal completion and visual imagery
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LUniversity of Glasgow (UK)

Our study investigates the mechanisms of amodal completion and visual imagery, processes fundamental to our understanding of visual
perception. Amodal completion entails the brain's ability to fill in missing parts of objects, while visual imagery allows for the creation of
mental pictures without external input, both relying on internal feedback mechanisms. To further our understanding of these two
mechanisms, we conducted a human 7T fMRI experiment utilizing natural scene images combined with a visual occlusion paradigm,
allwoing for the isolation of feedback signals within a non-stimulated region of the V1 cortex. Twenty-eight healthy human participants
attended the fMRI experiment. In the initial phase, participants were presented with trials of scene images for amodal completion, while
on alternate trials they were tasked with mentally reconstructing the complete version of previously seen occluded images. In the
subsequent phase of fMRI scanning, participants viewed the full scene image followed by trials requiring them to imagine the full image
separately. We employed a multivoxel pattern analysis (MVPA) using a linear support vector machine approach and performed
representational similarity analysis (RSA) on the fMRI data. The MVPA decoding results from the amodal completion condition reveal
that the category information can be decoded in the occluded early visual areas, replicating our previous findings that non-stimulated
early visual areas contain information about surrounding context. The RSA results comparing imagery based on amodal completion and
imagery based on full perception indicate a dissimilarity, suggesting that visual imagery activity differs depending on whether it is based
on image-specific memory or driven by contextual cues. Our findings underscore that feedback information utilised in amodal completion
heavily relies on surrounding contextual information, whereas feedback information employed in imagery may instead draw upon stored
prior knowledge in the brain, which can be updated by the feedforward information.

165
Ideal population orientation coding in macaque V1 explored with a self-attention DNN model

Xin Wang!, Cai-Xia Chen?, Shi-Ming Tang?, Cong Yu!

1peking University (CN)

We have previously utilized two-photon calcium imaging to record the responses of V1 superficial-layer neurons to a Gabor stimulus at
various orientations and spatial frequencies in awake, fixating macaques (Ju et al., 2021). Using these large datasets, here we explored
ideal strategies of population orientation coding by V1 neurons through training a self-attention DNN model to reconstruct stimuli from
neuronal responses. The SA-DNN model consisted of embedding, positional encoding, self-attention, and unembedding modules, as well
as a fully-connected feedforward layer. The model inputs were responses of over one thousand neurons to a specific Gabor, while the
model output was the reconstructed Gabor image. The self-attention mechanism can reveal stimulus-specific two-way functional
connections among neurons under various stimulus conditions. The results suggest: (1) A small number of key neurons received high
attention scores from other neurons and played a dominant role in image reconstruction, while contributions from the remaining
neurons and their connections were negligible. (2) These key neurons tended to prefer the stimulus orientation, and received attention
from other neurons tuned to all orientations and at various distances within the same FOV. (3) The population orientation tuning
functions of key neurons were greatly sharpened when their responses were multiplied by corresponding attention scores, resulting in
disproportionally sharpened slopes, as well as reduced bandwidths. (4) Upon removal of identified key neurons, the model could select
replacing key neurons that shared similar characteristics of previous ones, so that the ability of effective orientation coding was retained.
These findings suggest ideal super sparse orientation coding in V1 by a few key neurons that receive high attention scores from most
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neurons. Compared to population orientation tuning without self-attention, the superb orientation tuning supercharged by self-attention
resembles the high psychophysical orientation sensitivity in primates.
Acknowledgements: School of Psychological and Cognitive Sciences.
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Exploring new methods to re-construct artwork for vision research

Johannes Zanker?, Doga Gulhan?

1IRHUL (UK)

The Virtual Reality reconstruction of the Carafa Chapel in Rome which we presented at ECVP 2023 did demonstrate the opportunities
and challenges to move on from the amazement of being able to show and explore a hidden renaissance jewel in great detail in the lab
as a starting point for studying artwork closeup, at any time, and without having limited access. Taking a lead from this initial step, we
are developing further methods to document, store, and study perceptual/aesthetic responses in this rich environment. One major
progress moving from indoors artwork space to outdoors environments, such as architecture and sculptures (but equally useful for
exploring landscapes), is the use of a drone, which circles in well controlled paths in the 3D space, while collecting high-resolution surface
maps, using (a) point clouds captured by a Lidar scanner and (b) high-resolution video images taken from a large set of viewpoints on a
spiral trajectory around the object of interest. From these data we generate a 3-dimensional model using photogrammetric techniques
—which then can be easily incorporated in VR environments to be examined by observers in the VR lab. Using an eye-tracking enhanced
VR headset provides experimenters with an opportunity to explore the visual experience of participants. We will present pilot data from
a sculpture of Queen Victoria, situated in the north quadrangle of the historic Founders Building at RHUL, to demonstrate the feasibility
of using these new methods to understand the aesthetic experience of large 3D monuments that participants have in the virtual world.
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Differential Event-Related and Oscillatory Components of EEG Response to Emotional Body Movement

Catherine Reed?, Chandlyr Denaro?, Alison Harris!

IClaremont McKenna College (CA)

Humans are highly sensitive to the emotional content of body movements, but what neural mechanisms underlie this perceptual ability?
Previous research using electroencephalography (EEG) has focused on reductions, or suppression, of the mu rhythm (8-13 Hz), an
oscillation over sensorimotor cortex, when observing the actions of others. However, many previous studies on the mu rhythm have
used highly repetitive and affectively-neutral stimuli (e.g., hand opening/closing), raising the question of whether this oscillation truly
captures more dynamic, expressive movements associated with emotion. Here we examined neural responses to emotional vs. neutral
whole-body movements using point-light displays (PLDs) in high-density 128-channel EEG (N = 117). Consistent with prior work, we found
significant mu suppression for coherent, meaningful biological motion compared to scrambled versions of the same stimuli. However,
this reduction was not significantly different for emotional vs. neutral PLDs, suggesting that mu suppression reflects more general
processing of human body movements. In contrast, event-related potentials (ERPs) revealed significant sustained activity for emotional
vs. neutral PLDs at frontal and central sensors during the same time window. Together, these data support the contribution of neural
signals in both the time and frequency domains to perceptual processing of body movements, but that more idiosyncratic and expressive
emotional movements may be better characterized in the time domain.

Acknowledgements: NSF BCS #1923178.
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Attention Distorts Space, Including Cross-Modal lllusions

Su-Ling Yeh?, Chen-Wei Huang?!
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In the audiovisual rabbit illusion, three beeps and two flashes presented at different locations create the perception of an extra illusory
flash between the two real flashes. The postdiction effect of the later real flash indicates the perceived location of the illusory flash
between the two real flashes. Studies suggest that attention influences perceptual variation in estimating the stimulus location and
attracts stimuli with higher spatial uncertainty. Our study examines attention’s impact on the perceived location of the audiovisual rabbit
illusory flash. We displayed four small red circles surrounding the fixation point, with two positioned in the upper visual field and two in
the lower visual field, near potential locations of the real flashes. One of the circles would change to yellow 200 ms before the onset of
the first real flash (Experiment 1) or after the offset of the last real flash (Experiment 2), serving as an exogenous cue to direct participants’
attention. Attention distorted the perceived location of the illusory flash towards the first real flash in Experiment 1 but not in Experiment
2. These results suggest that pre-cue attention can attract the illusory flash to the first real flash, indicating the crucial role of early
attentional selection in localizing cross-modal illusions. Conversely, post-cue attention fails to enhance postdiction to attract the illusory
flash closer to the last real flash, indicating that the perceptual location of the stimulus is not remapped through late sensory reactivation.
Moreover, the illusion rate remained unaffected by attentional manipulation in both experiments, indicating cross-modal binding
without attention. These findings shed light on the interplay between attention and multisensory integration, demonstrating how
attention can bias the perceived location of illusory stimuli.

Acknowledgements: This study was supported by the National Science and Technology Council in Taiwan (MOST 110-2410-H-002-130-
MY3, MOST 111-2223-E-002-008, and NSTC 113-2740-H-002-001-MY3).
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Is visual exploration on smartphones comparable to that on computers?
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Thomas Le Bras?, Benoit Allibe?, Karine Doré-Mazars!
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Mechanisms involved in visual exploration have predominantly been studied on images displayed on computer screens, neglecting
smartphones which are often more used nowadays. For the first time, we investigate the impact of well-known bottom-up and top-down
factors from computer studies within an interactive paradigm on smartphones. 21 participants took part in free-viewing and target-
searching tasks involving natural images and scrollable web pages on smartphones with varying social and emotional contents. Results
were compared to those obtained in an identical study conducted on computer screens by different subjects. Analyses of fixation
durations (associated with depth of processing), saccade amplitudes (indicative of spatial attention deployment) and the Coefficient K
(marker of visual processing modes) of over 1000 trials revealed that visual exploration patterns on smartphones closely resemble those
on computers with an increase in fixation durations and a decrease in saccade amplitudes over time. Consequently, participants initially
first exhibited an ambient mode (short fixation durations and long saccade amplitudes), then transitioned to a focal mode (long fixation
durations and small saccade amplitudes). Furthermore, results indicated significant similar effects of task, stimulus type and emotional
content for both computers and smartphones only on fixation durations. Overall, these findings underscore that, during visual
exploration, fixation durations remain reliable indicators between smartphones and computers, while saccade amplitudes and the
Coefficient K, differ. Their inconsistency across devices may be due to physical screen size properties while fixation durations better
reflect the visual processing mode online. Importantly, our results demonstrate that the patterns and metrics of eye movements remain
sensitive to cognitive factors even during visual exploration on smartphones.
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The correspondence of prior audio-visual information influences rule-based category learning

Alan O'Dowd?, Rebecca J Hirst?, Fiona N Newel|%2

Trinity College Dublin (IE), 2NYU Abu Dhabi (AE)

Categories are often characterised by multisensory features and are driven by sensory and top-down (e.g., prior knowledge) processes.
Here, we investigated whether the nature of prior unimodal exposure to a cross-modal category structure influenced subsequent cross-
modal category learning. In a mixed-design online study, 16 participants learned to categorise stimuli as ‘safe’ or ‘toxic’. In an initial
learning phase, one group of participants (the unimodal correspondence group) learned to categorise the stimuli using a unimodal visual
rule (‘safe’ = high spatial frequency, sf; ‘toxic’ = low sf) and, separately, a corresponding unimodal auditory rule (‘safe’ = high pitch, ‘toxic’
= low pitch). Conversely, a second group of participants (the unimodal non-correspondence group) learned one rule for vision (‘safe’ =
high sf; ‘toxic’ = low sf) and a contrasting rule for audition (‘safe’ = low pitch, ‘toxic’ = high pitch). Both groups subsequently learned to
categorise corresponding and non-corresponding audio-visual exemplars using a cross-modal correspondence rule (e.g., ‘safe’ =
corresponding dimensions, ‘toxic’ = non-corresponding dimensions). Therefore, the unimodal rules were either correctly, incorrectly or
not at all predictive of cross-modal category membership. Results indicated that stronger learning occurred for exemplars that were the
less predictable (i.e., did not follow the unimodally learned category structure) versus highly predictable (i.e., did follow the unimodally
learned category structure). Compared to the unimodal non-correspondence group, the unimodal correspondence group showed
weaker learning of novel exemplars and were consistently less accurate at re-categorising incorrectly predicted exemplars (versus the
correctly predicted exemplars). Therefore, although categories are flexible, a learned category structure defined unimodally by
corresponding audio-visual information is less adaptable, possibly reflecting the stronger coupling/persistence of cross-modal
correspondences and their associated category representation in memory. Our findings shed light on how prior sensory information
influences category adaptation in a multisensory context.

Acknowledgements: Science Foundation Ireland.
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Predicting “Aha!” moments by facial expressions
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1Graduate School of Information Science, Tohoku University (JP), 2Research Institute of Electrical Communication, Tohoku University (JP)
When a person solves problems, s/he experiences occasionally “Aha!” when finding a creative thought or insight. We examined whether
the Aha! experience could be predicted from facial expressions automatically with a machine learning technique. We conducted
experiments of Japanese Remote Associates Test and Matchstick Arithmetic problem, both of which often require insight to solve.
Participants tried to solve problems on a display while their face image was recorded by a web-camera (60Hz). To identify factors related
to Aha! moments, we constructed a classifier of Aha! and not Ahal trials by training with facial expressions and subjective reports of Aha!
experience. The classifier predicted Aha! trials with an accuracy higher than chance with face features recorded two to one second before
response. SHAP analysis, which outputs an index on how largely each feature contributes to the prediction, showed that Lip Stretcher,
Lip Corner Puller and Lip Tightener are the top three important factors. They suggest that the bottom half of face is more closely related
to the mental state of Aha! than the top half. We, then, tried the same prediction but with face feature at the beginning of trial, at which
time face should not be related to Aha! moment. To our surprise, face features from very first period of trial succeeded to predict Aha!
trial while important features are not the same (Outer Brow Raiser, Nose Wrinkler, Lip Corner Puller). We examined whether the classifier
trained by early/late data can be used to predict Aha! trials with late/early data. The cross validation showed no significant prediction,
which suggests that there are two processes related to the mental state of Aha! One is directly related to the moment of Aha! and the
other may be the mental state suited for creative thinking.
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Measuring time-dependent evidence accumulation based on confidence reports
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Drift diffusion models (DDMs) are the key method to investigate the time course of perceptual evidence accumulation. While DDMs aim
to track the time course of internal evidence accumulation, we here present an approach to study the time course of accumulation from
external stimulation: We study how much evidence observers can draw from individual time intervals during stimulus presentation. Our
method exploits a striking similarity in the mathematical formulations between DDMs and confidence weighted majority voting (which
is typically used to study group decisions): Each time step in a DDM accumulates evidence in the same way as a group of experts
accumulates evidence when an additional expert joins the group. Using participants’ confidence reports we quantify the evidence
distribution at different time points (similar to a sequential probability ratio tests). In two experiments (N=17 participants, each measured
for 6 hours), we demonstrate (a) an increasing evidence accumulation rate in a discrimination task with visual gratings, and (b) a constant
accumulation rate with moving dot stimuli. These results provide a direct assessment of the time course of evidence accumulation with
the main advantage of reducing model assumptions: The core assumption of traditional DDMs is the independence of evidence
accumulation in single time steps. This assumption is unrealistic because the speed at which the visual system can extract evidence at
any time step depends on how much evidence it has already extracted. Our approach can deal with these dependencies by exploiting
simple mathematical principles. The drawback of our approach is its reliance on (possibly biased) confidence reports which we attempt
to resolve by using a log-odds based calibration. Overall, our approach provides a complementary method to measure changes in the
time course of evidence accumulation in visual processing.

Acknowledgements: This work was supported by the German Research Foundation (DFG): SFB 1233, Robust Vision: Inference Principles
and Neural Mechanisms, TP 5, project number: 276693517; the Institutional Strategy of the University of Tiibingen (DFG, ZUK 63);
Machine Learning Cluster of Excellence, EXC number 2064/1 — Project number 390727645.
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Surviving continuous flash suppression: A two-photon calcium imaging study in macaque V1

Caixia Chen?, Xin Wang?!, Danqing Jiang?, Shenghui Zhang?, Shiming Tang?, Cong Yu?!
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Continuous flash suppression (CFS) has been widely used to study visual consciousness or awareness. Although the flashing Mondrian
noise presented to one eye can suppress the perception of a high-contrast stimulus presented to the other eye, some low-level visual
information can survive the suppression and participate in downstream visual processing subconsciously. However, it remains elusive
how the responses of V1 neurons, most of which receive binocular inputs, are affected by CFS. To address this issue, we utilized two-
photon calcium imaging to record responses of thousands of superficial-layer V1 neurons to a target under CFS in two awake, fixating
macaques. The target was a circular-windowed square-wave grating (d=1°, SF=3/6 cpd, contrast=0.45, drifting speed=4°/s). The flashing
stimulus was a circular Mondrian noise pattern (d=1.89°, contrast=0.50, TF=10 Hz). The stimuli were presented for 1000-ms with 1500-
ms intervals. The square-wave grating at various orientations was first presented alone to either eye to identify oriented-tuned V1
neurons (~900 per FOV) and calculate each neuron’s ocular dominance index (ODI). Then the grating target was presented to one eye
and the flashing noise to the other eye to measure neuronal responses under CFS. With the presence of flashing noise, orientation
responses of neurons preferring the noise eye (ODI>0.2), in the form of population orientation tuning function, were completely
suppressed (by 96.3%) without measurable bandwidth, and those preferring both eyes (0.2>0DI>-0.2) were also severely suppressed (by
83.6%) with unmeasurable or very wide bandwidth. However, although the responses of neurons preferred the grating eye were also
significantly suppressed (by 47.2%), the tuning bandwidth was still measurable, which increased from 11-13° to 19-21° (half-height half-
width). These results indicate that only orientation responses in V1 neurons preferring the target eye can partially survive continuous
flash suppression, while orientation responses of other neurons are mostly wiped out.

Acknowledgements: Supported by the National Science and Technology Innovation 2030 Major Program (2022ZD0204600).
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Comparing method of adjustment and continuous psychophysics for assessing the perceptual size-distance relationship
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In recent years, continuous psychophysics (Bonnen et al., JOV 2015) has gained popularity for swiftly and engagingly measuring visual
sensitivity. In this experiment, we assessed people’s ability to correctly estimate an object’s size or position based on how far they appear
in a 2D scene. We compared a traditional method of adjustment — modified from a ‘distance perception in a 2D scene’ experiment (Kim
et al., Perception 2022) with a continuous psychophysics method. Participants adjusted the size and position of a target (an image of a
cereal box) in a full-size 2D hallway scene projected onto a wall with a ground plane continuous with the experimental room, either
adjusting its position based on its size (Size-to-Position task) or resizing it based on its position in the hallway (Position-to-Size task) to
make it appear to be the correct size as the box they held in their hands. In the traditional method, targets were displayed with the size
or position equivalent to distances of 4m, 8m, 12m, or 16m. For each trial, participants adjusted the target to be the correct position or
size. In the continuous psychophysics method, targets started at three possible sizes (size-to-position) or positions (position-to-size),
equivalent to distances 2.5+1.25m, 4+1.25m, or 8+1.25m (randomly picked within the range using a normal distribution), which changed
randomly every 500ms for 90 seconds in a “random walk”. Participants had to continuously adjust the target by means of a mouse to
keep it at the perceived correct position/size combination. The relationship between target size and position indicated participants were
able to accurately adjust the target's position and size. No significant difference between the two methods was found. This result further
verifies that the data obtained using continuous psychophysics is compatible with those from traditional psychophysics.
Acknowledgements: NSERC.
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Separating out distractor suppression from attentional guidance using predictability of feature and location

Hannah Grace Jaison!, Meera Mary Sunny?

Indian Institute of Technology, Gandhinagar (IN)
Suppression of distractors is considered crucial for efficient attentional selection. Distractor suppression is seen as reduction in

magnitude of attention captured by an additional feature singleton that is relatively consistently presented in a location. However, this
reduction in capture is not observed when feature of distractor is consistent. We argue that the relative importance of feature and
location is not the same in task employed to test distractor suppression, especially if the target feature can be used for attentional
guidance. It is unclear to what extent the data reflects reduced attention capture or increased distractor suppression. In the present
study, we separate the search task from target and distractor singletons and test how predictability associated with feature and location
contributes to distractor suppression. We performed three experiments by modifying the additional singleton paradigm. In the first
experiment, both the singletons could contain the target but with different probabilities (70% or 30%). In the second experiment, we
picked two locations, one with higher probability of containing the target than the other. We compare the findings with a control
condition with no location or feature-based bias in the search display. Thus, we could separately investigate the effect of a distractor
feature and location on attentional guidance. We observed relatively flat search slopes for both the high and low probability feature
(Expl) and location (Exp2), but a steep search slope in the control experiment (Exp3), indicating easy and efficient search when the
target/distractor was either a predictable feature or location. Moreover, the difference in reaction time between the high and low
probability conditions for feature and location (Exp1&2) were comparable and faster than the control, indicating that predictability of
both feature and location had improved search. Hence, the study shows that typical measures of distractor suppression are conflated by
effects of attention capture.
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Why does touch interfere differentially with multiple-object tracking performance?

Mallory Terry?, Lana M. Trick®
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Many everyday tasks require keeping track of the positions of several moving items among others (e.g. crossing the street, driving). This
ability to keep track of the positions of a subset of items (targets) among identical others (distractors), is referred to as multiple-object
tracking (MOT) and is thought to employ cognitive mechanisms that are also required for coordinated actions. In the present study, we
sought out to investigate this theory using a modified version of the MOT task where participants performed two tasks simultaneously:
1) track targets moving among identical distractors (standard MOT task) and 2) touch any item in MOT (target or distractor) that changes
colour. Baseline conditions were also included to assess single task performance for both tasks. Results demonstrated that touching
distractors in MOT interfered appreciably more with tracking performance than touching targets (lower tracking accuracy) and resulted
in slower touch response times. Interestingly, button presses to colour changing items in MOT did not significantly interfere with MOT
performance, providing further evidence that this detriment is specific to touch. Taken together, findings support the contention of a
shared cognitive mechanism employed in tracking and visually guided actions. Here we also discuss and provide evidence for possible
specific mechanisms that may be responsible for the observed interference.

Acknowledgements: NSERC.
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Blink-initiated behavioral oscillation of detection performance at alpha rhythms
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Rhythms in the brain modulate our perception (e.g., VanRullen, 2016). The link between neural oscillations and behavior has been
established in many domains, from neurophysiology to human neuroimaging such as EEG/MEG. Also in behavioral studies, it has been
widely demonstrated that a visual transient modulates the accuracy and/or sensitivity for the subsequent stimuli periodically, which has
been interpreted as the transient signal "resetting" the ongoing oscillatory activities. In addition to the external cues, behavioral
oscillations can be observed time-locked to our own actions such as saccade (Benedetto & Morrone, 2017) and arm movement
(Tomassini et al., 2015). Here | show that eye blinks also periodically modulate perceptual accuracy. In the experiment, a near-threshold
Gabor patch was briefly presented in dynamic random noise on either side of the fixation point. Participants were asked to report which
location the Gabor appeared as quickly as possible. Each noise sequence lasted approximately one minute, and within which the target
Gabor appeared about 20 times at random intervals of 2-4 seconds. Participants blinked naturally at their pace, and the detection
accuracy was calculated separately for various blink-to-target intervals. Using Fourier analysis and permutation tests, | confirmed that
the time course of detection accuracy oscillated at alpha rhythms, suggesting that the alpha oscillations induced (or reset) by eye blinks
are involved in sampling external perceptual information. We will further discuss whether/how this blink-initiated behavioral oscillation
is associated with the reactivation of the dorsal attention network after eye blinks (e.g., Nakano et al., 2013).
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Gravity as a cue to distance or speed in motion perception
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Because gravity is a constant on Earth, we should, in principle, be able to infer the size and distance of falling objects based on their
angular speed and acceleration. A large, distant falling object projects a slower visual motion than a small, nearby object of the same
retinal size. This was exploited in early movie special effects by filming small model scenes (e.g., a train falling off a mountain track) in
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slow motion to give the impression of a full-sized scene. However, if other cues or assumptions about absolute distance and size intervene
(e.g., due to view angle or a prior on the likely size and/or distance of objects), observers might also perceive the motion as unfolding
slower or faster than would occur in real life. Here, we investigated how changes in the overall scale of a scene influence the perception
of size, distance, time, and speed. Participants were shown a series of rendered movies depicting a ball rolling off a cliff edge of different
physical heights. In a control condition, the stimuli were also shown upside-down. The simulated scene was linearly scaled across multiple
orders of magnitude such that the cliff and ball had a constant visual angle across all conditions. Participants assessed both the speed of
the ball and the altitude of the cliff. In a second task with the same stimuli, they also adjusted the speed of the movie playback to match
what they would typically observe in everyday life. We found systematic variations in motion and time perception depending on the
height of the cliff, suggesting that participants cannot perfectly infer size and distance from gravity.
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Visually-guided natural human grasping with articulated hands
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Humans have an unparalleled ability to grasp and manipulate objects. This is made possible by the exquisite interplay between the visual
system—which enables the selection of appropriate contact regions on object surfaces—and the rich articulation and soft tissues of the
human hand, which conforms to the grasped object. Yet, most studies on human grasping behavior have investigated grasping under
highly constrained conditions, mainly focusing on precision grip grasps and approximating hand-object contact as points rather than full
contact regions. Here, we sought to characterize human grasping behavior under more natural conditions. First, we combined techniques
from motion tracking, computer graphics and deep learning to reconstruct full hand meshes and poses, and developed a method to use
these reconstructions to estimate contact regions between the hand and objects. We then collected a comprehensive dataset of human
grasping behavior featuring a wide variety of tasks and objects across multiple sessions. 60 participants first pantomimed hand poses
from a standard taxonomy of 33 grasp types. Then, four groups of participants (N=15) each grasped a subset of 7 objects in an
unconstrained, precision grip or multi-digit condition for a total of 28 objects across participants. In a third session, we investigated the
impact of task by asking participants to grasp objects to lift, use, hand over, turn horizontally, turn vertically or heft them. Our results
demonstrate that participants rarely used precision grip grasps, were highly consistent in their selection of contact regions (both within
and between participants) and that grasps varied systematically across tasks. Additionally, hand poses did not span the full manifold of
pantomimed grasps and could be well explained by a reduced subspace of typical grasps. These findings suggest that typical grasping
behavior is highly stereotyped, but not in the ways imposed by previous research.

Acknowledgements: The Adaptive Mind (Hessian Ministry of Higher Education, Research, Science and the Arts).
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How do observers assign causes and effects to sources in their environment, particularly when only visual information is available? The
perception of causality is believed to be influenced by a combination of the physical plausibility of a visual scene and an observer’s
subjective perception that one event is regularly preceded by another. In this study, we employed Michotte’s classic launching paradigms
— namely, 2D animations mimicking a two-object collision — and collected the same participants’ sensory uncertainty around moving
trajectories and causal impressions. We displayed a launching paradigm up to the point of collision and instructed participants to indicate
the predicted outgoing trajectory of the second object in an adjustment task. In a second experiment, observers judged causality in
launching animations after viewing a full launching display. The launching animations in the latter task either showed physically plausible
moving trajectories or systematic offsets from physically plausible angles that were added to the second object’s moving trajectory. In
both experiments, objects collided at uniformly-sampled angles between 0° and 360°. The trajectory prediction data clustered toward
the physically true moving trajectory, indicating that participants’ reports are qualitatively aligned with Newtonian mechanics. The error
around the predictions furthermore increased for oblique orientations of the collision, marking an oblique effect. Causal impressions
broadly decreased for large angle offsets and showed no other tendencies that align directly with the prediction data. This suggests that
there are more sensory and cognitive sources informing causal impressions than the prediction of moving trajectory and its associated
uncertainty. We speculate that responses in both tasks are subject to a memory component, where new evidence overwrites previous
evidence (i.e. postdiction). Observers might hold a strong prior belief that most rigid-body interactions will be causal, and therefore
require strong evidence of violation to report “non-causal”.

Acknowledgements: This research was funded by the Research Cluster “The Adaptive Mind”, funded by the Excellence Program of the
Hessian Ministry of Higher Education, Science, Research and the Arts.
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Visual search plays a critical role in life-saving careers such as radiology and airport security. There has been growing interest in exploring
factors specific to individual observers (e.g., personality, strategy) that can affect search accuracy; however, paradigms and measures
with low test-retest reliability are inappropriate for the exploration of individual differences. There is value in investigating individual
differences in multiple-target search due to its relevance for professional searches, but the test-retest reliability of multiple-target search
and its associated eye movements remains unknown. We tested a sample of undergraduate participants (n = 75) in two sessions
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(separated by 1-3 weeks) on a multiple-target search task (0, 1, or 2 target ‘T’ shapes, presented at high or low salience, amongst
distractor ‘L’ shapes). We measured accuracy, response time, and eye movements and assessed performance across single-, dual-, and
no-target trials. The results revealed a range of test-retest reliabilities: Intraclass correlation coefficients (ICC) for accuracy measures
ranged from fair (.25 < ICC < .4) to moderate (.4 < ICC < .6), and more difficult-to-spot “low-salience” targets produced higher reliabilities
than more easy-to-spot “high-salience” targets. Response time measures were overall more reliable than accuracy measures, ranging
from moderate (.4 < ICC < .6) to good (.6 < ICC < .8). Eye-tracking measures (e.g., number of fixations, fixation duration, initiation time,
saccade rate, saccade amplitude) had the best levels of reliability overall, ranging from good (.6 < ICC < .8) to excellent (ICC > .8), except
for saccade duration which was moderate. These results indicate that only some multiple-target search metrics offer a strong basis for
assessing individual differences and that future work should consider a multi-faceted approach to investigating visual search behaviour,
integrating performance and eye-tracking measures.

Acknowledgements: This research is funded by the South West Doctoral Training Partnership (SWDTP).
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Perceived height of trees standing on flat or sloped ground: a variation of horizontal-vertical illusion
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We tend to perceive a vertical line to be larger than the horizontal line of the same length. This tendency, called the horizontal-vertical
illusion (HVI), is true indoors (Kiinnapas, 1955; Prinzmetal & Gettleman, 1993) and outdoors (Higashiyama, 1996; Howe, 2005). From this
well-known finding, we can predict that a tree standing on the ground appears larger than the same-sized tree lying on the ground.
Contrary to this finding, however, there is an unconfirmed idea told among lumberjacks: Some accidents they had while cutting down
trees may be due to perceiving the trees shorter, so that they would not be able to refuge from the falling tree. This idea was tested in
cedar forest with flat and sloped ground. For this aim, we used a tree on flat ground, a tree on the top of slope, and a tree at the bottom
of slope, and three heights upward from the bottom of each tree were designated as vertical standards. Additionally, three lateral
separations among other trees standing on flat ground were designated for horizontal standards. By each of five participants approaching
or receding from each standard, the distance from the participant to the tree was matched to each standard. The mean matched distance
was plotted against the standard and then the ratios of the matched vertical distance to the matched horizontal distance were estimated
for each tree as the index of HVI. It was found that as the standard increased from 5 m to 40 m, the amount of HVI decreased from 1.5
to 1.1. The amount of HVI depended on the place on which the tree was standing: The large HVI was found for the tree on flat ground
and the small HVI was found for the trees on the top of slope and at the bottom of slope.
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Eye-hand coordination is a fundamental skill in daily activities and professional domains including surgery, dentistry, fine arts, athletic
training, engineering, and piloting. The mirror drawing is a widely used task that assesses and improves fine motor control, coordination,
and the ability to perceive spatial information. However, limited research exists on the impact of repetitive training on mirror drawing in
enhancing eye-hand coordination, particularly when employing color stimuli. The primary objective of this study is to investigate the
efficacy of the mirror drawing task in improving eye-hand coordination skills with different colors in a longitudinal study. Twelve
participants were invited to conduct a mirror drawing experiment. In a pre-experimental session, each participant was asked to trace
inside the lines of a white star positioned against background sheets of distinct RGB colors, specifically blue (RGB: 0, 0, 255), red (RGB:
255, 0, 0), and green (RGB: 0, 255, 0), and using a mirror to assess hand-eye coordination. Subsequently, participants engaged in three
consecutive days of training, performing 10 trials for each color. During the training, the time taken to complete each trial and the number
of errors, defined as instances where the pen touched or deviated from the star’s borderlines, were recorded. A counterbalancing system
was employed to assign colors to participants. Following the training period, participants underwent a post-experimental session,
repeating the task once for each color. Our findings suggest that even though there is a deviation between different colors in the pre-
training session, this effect dampens during the training session and in the post-training session in terms of time and error rate. These
findings highlight that the color cues have an impact on the motor performance of the novices, but this discrepancy disappears after the
eye-hand coordination training.
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Experience-dependent biases in face discrimination reveal associations between perceptual specialization and narrowing
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Background. Experience modulates face processing abilities so that face recognition improves with development, especially for more
frequently experienced faces (e.g., own-race faces). Although advanced models describe how experience generally modulates
perception, the mechanism by which exposure refines internal perceptual representations of faces is unknown. To address this issue, we
investigated face processing both in typical development and in autism. Method. Participants performed same-different judgments in a
serial discrimination task where two consecutive faces were drawn from a distribution of morphed faces. Utilization of stimulus statistics
was measured by testing the gravitation of face representations towards the mean of a range of morphed faces around which they were
sampled. Results. The results demonstrated regression of face representations towards the experienced mean; however, the dynamics
of the perceptual bias, probed by trial-by-trial performance, indicated different timescales of the bias, depending on perceptual
expertise, age, and proficiency level in face recognition: in adults, the “typical” internal representation of the averaged face formed for
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own-race faces was constantly updated by recently encountered faces. For other-race faces, an internal representation was formed
based on the overall average of the exposed faces, but only for those with low proficiency in face recognition. Interestingly, at age 9-10,
perceptual biases were similar for own- and other-race faces, with overall and recent exposure similarly biasing performance. In autism,
performance was substantially weaker and mostly biased by recent exposure, with weak representation of the average face for both
face races. Conclusions. The findings suggest a mechanism by which short- and long-term of exposure refines face representations. They
also reveal that deficits in face recognition in autism do not reflect delayed development, nor an overall weaker perceptual system. More
broadly, the results suggest strong associations between levels of specialization and the extent to which perceptual representations
become narrowly tuned.
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Investigating the effect of hemispheric dominance on perceptual bias in 3D shape-from-shading: Evidence from left-handers
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3D shape from shading relies on the implicit assumption of a light source positioned left of zenith (left bias). It is unknown why this left
bias is prevalent, however there is evidence suggesting that left-handers exhibit a reduced left bias compared to right-handers. This
difference may be attributed to learned experiences, as left-handers would normally prefer a right light source when writing, to avoid
shadow cast. Another possibility, which is explored in this study, is that the reduced left bias reflects variability in hemispheric
lateralisation among left handers: while some left-handers are left hemisphere dominant (typical), like most right-handers, others are
right hemisphere dominant (opposite). We hypothesise that left-handers with typical hemisphere dominance will exhibit a left bias,
whereas left-handers with the opposite hemisphere dominance will exhibit a right bias. Left-handers whose hemispheric dominance has
been measured in an fMRI study are recruited. All participants complete a 3D shape judgement task where they determine whether a
stimulus is concave or convex when presented in different orientations. The bias of each participant is computed by the proportion of
convex responses in relation to each lighting direction. This study could contribute to our understanding of the origins of the left bias in
3D shape from shading.
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Categorizing Deterministic Errors and Stochastic Errors in Visual Search
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1University of Manchester (UK), 2Harvard Medical School (US)

Human observers make errors in almost any visual search task. One way those errors can be categorized is as “deterministic” or
“stochastic”. An error is completely “deterministic” if that error will be made every time that a specific observer searches through a
specific stimulus. Alternatively, a stochastic error occurs randomly with some probability from trial to trial. A lot of effort has been
invested in finding ways to reduce errors, but different types of errors might need to be targeted differently. In this study, we aimed to
empirically categorize miss errors in a simple T-vs-L search task by presenting each search display twice. If the observer misses a display
the first time, what is the chance that they will miss it the second time? In addition, we tested interventions to reduce these errors. In
Experiment 1, we presented white letters on a uniform grey background. These clearly visible letters led to almost completely stochastic
miss errors. In Experiments 2a and 2b, we manipulated the visibility of letters by varying their grey levels and presenting them on a noisy
background. This manipulation resulted in a mix of stochastic and deterministic errors, with lower-contrast, but still visible, targets
producing more deterministic errors. In Experiment 3, using the same stimuli as in Experiment 2b, we tested several cueing interventions
to reduce miss errors. Interventions that guided attention around the display without knowing anything about the content of that display
failed to have any effect (Experiments 3a and 3b), but cueing all item locations did succeed in reducing deterministic errors (Experiment
3c). Eye tracking data showed that it was specifically the low-contrast targets that profited from having their location cued. These results
point to strategies of error mitigation that may be worth trying in socially important, real-life tasks.

187
Optic flow parsing in Persistent Postural Perceptual Dizziness (PPPD) — a pilot study
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PPPD patients often perceive instability of themselves and/or their surroundings. Here, we report the findings of a pilot study examining
whether PPPD symptoms might, in part, relate to altered optic flow parsing —a purely visual mechanism thought to help us compensate
for the visual consequences of self-movement. Five PPPD patients and 30 undergraduate participants were presented with a left/right
hemifield of expanding/contracting optic flow with their head stabilised on a chin rest. In the opposite hemifield, a probe object moved
left or right with speed controlled adaptively from trial to trial with a Kesten staircase. Participants reported whether the probe appeared
to move left or right (2AFC). Under the flow parsing account, the hemifield of flow triggers a global subtraction process resulting in a bias
in perceived probe movement. We fitted a psychometric function to the 2AFC data relating probe velocity to the probability of a
rightwards response, and recorded the probe velocity at which participants were equally likely to report leftwards and rightwards probe
movement. This marks the bias in perceived probe movement due to flow parsing. The qualitative pattern of biases obtained over
different conditions (right/left hemifield x expanding/contracting flow) for patients was similar to the control group, however the
magnitude of the bias was reduced by a factor of two in the PPPD group. These preliminary data suggest that flow parsing is considerably
weaker in people with PPPD. Weaker flow parsing would result in inappropriate compensation for optic flow signals accompanying self-
movement, leading to inappropriate perception of scene-relative movement, a hallmark of PPPD. Our previous work provided evidence
that flow parsing is boosted in older participants, so our findings are unlikely to be due to the age difference between our PPPD and
control groups. This work precedes our STARDUST project, which aims to replicate this finding.
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Accuracy and precision of Apple’s Truedepth camera and ARKit for affordable head and eye tracking
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Eye tracking is usually accomplished with expensive, specialized systems; either wearable, head-mounted devices, or stationary desktop
solutions. The same is true for the assessment of head and body pose. Until recently, these required motion capture systems with
multiple cameras and attaching an array of trackable markers to the tracked person’s body. In current settings, both sensory technology
and computer vision solutions have matured to a point where both gaze tracking and body tracking can be accomplished with solutions
that are lightweight, less intrusive, and affordable. Here, we are reporting on the feasibility of employing Apple’s Truedepth sensor along
with i0S’ ARKit API to accomplish tracking of head pose, facial motion, and eye gaze. We first present data accuracy and precision of
reported head position, head orientation, and gaze direction, alongside metrics regarding real-time capabilities of ARKit. Participants
were seated in front of an iPad that displayed an array of targets upon which participants were instructed to fixate. ARKit’s reported
head pose and eye gaze is logged and internal consistency of the ARKit system was evaluated against ground truth metrics. This is
achieved by collecting head pose data with a high-end optical motion capture system and gaze data with a high-resolution eye tracker.
Together, these allow us to decompose inconsistencies in the ARKit data into isolated errors of head location, head orientation, eye
location, and gaze direction in head-fixed coordinates. The data revealed systematic offsets which can be accounted for by targeted
calibration procedures. Limitations in precision were primarily due to gaze measurements and only to a much smaller part to head pose.
Realtime capabilities are impressive. We measure latencies small enough to use ARKit head tracking to simulate self-induced motion
parallax and present a demonstration of how this can be used to implement viewpoint-contingent depth displays.
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Feedback-based training improves the accuracy of stimulus memorability judgments

Cambria Revsine!, Wilma Bainbridge?
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Individuals tend to remember and forget the same faces, scenes, objects, and more, a result of the intrinsic memorability of the items.
Despite this consistency in memory performance, previous findings suggest that people may not be fully accurate nor consistent when
subjectively judging the memorability of images. Across four experiments (one containing face images, one containing scene images, a
replication, and a control experiment), we aimed to test whether participants receiving feedback-based training could learn image
memorability. Participants on the online platform Prolific (N = 400) viewed a randomized sequence of 180 images found to be either
highly memorable or highly forgettable in previous studies. On each trial, participants judged whether the image was memorable or
forgettable, and were then told its correct category. Afterwards, they reported the strategies they had used to perform the task. We
found that participants slightly improved in their judgments of scene images over the course of both experiments, but did not improve
in response to face images. Those who reported using characteristic features of the scenes to judge their memorability showed greater
learning. However, participants never reached the performance level of ResMem, the leading deep neural network for estimating image
memorability. These results suggest that with training, people can develop a more accurate understanding of stimulus memorability, but
are unable to access its full variance.
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Pseudo-cost of acting biases perceptual decision making.
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While it is commonly known that a character of a stimulus influences decision-making that results in motor responses, conversely, motor
responses affect perceptual decision-making. Particularly, the cost of acting to report one's decision influences perceptual decision-
making, and decisions are biased toward avoiding this cost. However, it is unclear whether this cost needs to be elicited through actual
motor actions. In this study, we investigated whether pseudo-costs of acting, which do not require actual motor actions, affected
perceptual decision-making. Recently, technology has been developed wherein subjective costs of acting can be manipulated by pseudo-
motor costs represented through visual stimuli in VR, without altering the physical costs of acting. In our current study, we utilized this
technology to evaluate the impact of pseudo-costs of acting on perceptual decision-making. Seventeen participants watched the visual
motion in VR. They were required to report the direction of the visual motion by left or right rotating their head by 45 degrees. In the
large visual rotation condition, when physically rotating the head was by 45 degrees, the rotation depicted in VR was 55 degrees, whereas
in the small rotation condition, it was 45 degrees. The larger or small rotation condition was assigned either left or right direction. To
assess the contribution of the visual rotation condition, a linear mixed model was used to test whether left of right that was assigned to
the large rotation condition predicted the “right” response. As a result, the “right” response tended to occur more frequently when the
left side was assigned as the large rotation condition compared to when the right side was assigned (t(16)=-2.28, p=.0374, R2=0.327,
adjusted R2=0.326). This study clearly showed that pseudo-cost of acting, which is not incurred through actual motor actions, biases
perceptual decision making.
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The oblique effect in motion detection and identification - a neural and behavioural investigation
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Motion processing is an essential perceptual ability that helps us navigate and interact with our environment. Interestingly, previous
studies have shown that we do not perceive all motion directions equally: cardinal motion directions such as horizontal and vertical
motion, are perceived better than oblique ones. Here, we used electroencephalography (EEG) to investigate the neurophysiological
mechanisms underlying the oblique effect. In two experiments, we investigated motion detection and identification with random dot
kinematograms while continuous EEG was recorded. In line with previous research, we found support for the oblique effect with better
performance for cardinal motion directions in the identification task. There was no behavioural difference between motion directions in
the detection task. Event-related potential analysis revealed strong motion-induced responses at occipitotemporal electrodes in both
experiments, but these did not differ in amplitude across motion directions. Representational Similarity Analysis revealed that metric
models, where the similarity between neural representations is expected to be determined by the difference in motion directions,
explained neural representations better than categorical models, where the similarity between representations is expected to vary only
across categorical boundaries. This result suggests that motion direction representations are fine-grained and that their (dis)similarity is
sensitive to the absolute differences in directions. The models were also better at capturing neural representations in the identification
than in the detection task, primarily at late time-points, starting about 250 ms after stimulus onset. These findings suggest that the task,
identification, or detection, substantially affects neural representations of motion direction and that instantiating these neural
representations require considerable processing time.
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Interaction of hand posture and kinematics dimensions during retrieval of action tool knowledge
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Our ability to use tools is heavily based on semantic tool knowledge and action tool knowledge, enabling us to specify the actions required
to using tools. Action tool knowledge encompasses various dimensions, notably hand posture (i.e., the shape of the hand to grasp a tool
for its subsequent use) and kinematics (i.e., the way the tool is moved to perform a given action). Neuropsychological data report
dissociations between these two dimensions suggesting that they rely, at least in part, on distinct cognitive mechanisms. However, in
psychological studies, the interaction between these two dimensions is rarely investigated. To address this question, we conducted two
experiments to investigate the relationship between these two dimensions. In a first experiment, 48 healthy participants were asked to
judge whether pairs of objects shared the same hand posture, same kinematics or same function in separate blocks. We found that hand
posture and kinematics pairs were processed more slowly than those based on function, confirming that action tool representations are
accessed after semantic tool representations. In a second experiment, 48 participants were asked to judge pairs of familiar objects either
on the hand posture or on the kinematics dimension. The object pairs could be related or unrelated in terms of hand posture and related
or unrelated in terms of kinematics. We observed asymmetric interference effects, with the kinematics dimension being impacted by
the hand posture dimension whereas hand posture was more influenced by the visual similarity between objects than the kinematics
dimension. These results confirm that kinematics and hand posture are cognitive motor components that mutually interact, with the
exception that the hand posture dimension can be more influenced by perceptual components of objects than kinematics dimension.
Acknowledgements: This work was supported by grants from Region Bourgogne Franche-Comté (“REPRESACT” Project, AAP Amorcage
2021-2024) and University of Franche-Comté (AAP Chrysalide 2020-2021).
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Perceptual material categories are defined and distinguished by their characteristic visual appearances. For example, polished wood is
recognized from a particular configuration of color, texture, and gloss. To investigate human material categorization and how it relates
to particular visual characteristics, we used the Al-based image synthesis tool Midjourney to create photorealistic images of novel hybrid
materials, whose appearance lies between familiar categories. We first created "parent images" for 26 material categories, like snow,
wood, metal, or plastic. By refining the text prompts, we ensured that each image clearly depicted a single material category without
extraneous features of objects or scenes. We then used Midjourney's /blend function to generate novel hybrid materials by blending
pairs of images. In Experiment 1 (N=34), observers used a slider labeled with the two parent categories (for example, snow versus wood),
to report the perceived category of each hybrid. An optional button let participants indicate if the image looked like neither material.
The distribution of slider responses and button presses allowed us to identify the degree and kind of ambiguity of each image; for
example, bimodal versus unimodal response distribution. Experiment 2 (N=26) gathered ratings of these images for six dimensions:
artificiality, hardness, opacity, roughness, warmth, and wetness. PCA on the ratings revealed that images roughly cluster by the degree
and kind of ambiguity. Experiment 3 (N=19) assessed the top and bottom ranked images for each dimension and their hybrid mixtures.
Results showed that blending images with contrasting properties (for example, perceived hardness of water versus rock) can evoke
intermediate perceptual ratings. Our findings suggest that while the properties of ambiguous hybrid images can sometimes be predicted
from their parent images, in other cases, they exhibit completely new appearance characteristics, indicating a structured cognitive space
of material categories that do not always blend predictably.

Acknowledgements: This work was funded by the Deutsche Forschungsgemeinschaft (DFG, German Research Foundation)—project
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Adaptive Mind’, and by the National Institutes of Health grant 1R15EY033512.
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Duration and luminance intensity of chromatic environments interact to alter our perception of colour.
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Altering a chromatic environment over a period of hours, days, or months, causes enduring changes to the perception of colour. For
example, seasonal changes in the colour environment or the natural yellowing of the crystalline lens can influence perception of unique
hues. However, little is known about the factors driving chromatic adaptation at a timescale beyond a few minutes. In a series of studies,
participants were adapted to red- and blue-filtered goggles. The effects of altering the duration and the luminance of a colour-filtered
environment on the appearance of unique hues were measured after five minutes of recovery from the adapting environment. Results
suggested that shifts in unique hue appearance increased between 15 minutes and 1 hour of adaptation, but were maintained between
1 and 4 hours. This pattern suggests that this form of adaptation is distinct from short-term (photoreceptor) adaptation, as significant
shifts in unique hue perception persisted after five minutes of recovery, and continued to increase after the point at which photoreceptor
adaptation should be saturated. The luminance of the adapting environment had a linear impact on the size of the shift in unique hue,
with smaller shifts occurring after adaptation to darker environments, implying a ‘dose-dependent’ effect of the adapting environment
on chromatic adaptation. Moreover, full recovery from adaptation occurred within one hour, even in the absence of further light
adaptation, suggesting a ‘passive’ recovery process. These two factors of duration and luminance can be used to model adaptation by
predicting the sizes of changes in the L/M cone ratio to the spectra of the altered chromatic environments. This can be used to predict
changes in unique hues for a given duration and luminance of an adapting environment with known spectral properties.
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Forward and backward alpha-band travelling waves reflect temporal expectations in a statistical learning paradigm
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According to the Predictive Coding framework, the brain extracts statistical regularities in our environment to generate predictions about
incoming sensory stimulation, continuously updating an internal model of the world. Though the possible neural basis of this mechanism
is still unclear, alpha-band (8-12Hz) Traveling Waves, known to shape neural excitability while propagating across the cortex, represent
an ideal candidate to serve Predictive Coding’s flow of information. Within this framework, backward Travelling Waves, i.e., propagating
from frontal to occipital regions, encode for predictions of incoming sensory stimuli, whereas forward Traveling Waves, i.e., spreading
from occipital to frontal areas, reflect the bottom-up flow of information encoding for prediction errors. One hypothesis that stems from
this framework suggests that more reliable predictions prompt stronger backward Travelling Waves, and more unpredictable events
produce stronger forward Travelling Waves. Here, we test this hypothesis using a visual statistical learning paradigm, which consists of a
stream of geometrical shapes, presented to the subjects at 1 Hz while recording their brain activity via electroencephalography (EEG).
Importantly, we manipulated the predictability of the shape stream in five different conditions, from very predictable to completely
unpredictable. Despite our behavioral results reveal that participants learned the statistical regularities, our preliminary EEG results show
no apparent effect of the predictability in both backward and forward waves. However, we found a very robust and consistent temporal
entrainment of these waves at the stimulus presentation rate (i.e., 1Hz), with backward and forward waves in antiphase with each other.
Altogether, our findings suggest that, contrarily to what we hypothesized, backward waves do not encode for statistical feature
predictions but reflect temporal expectations about new stimulus onset. These results shed new light on the role of travelling waves
within the predictive coding framework and open new venues for investigating their functional role.
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Action video-games (AVGs) could improve reading efficiency, enhancing not only visual attention but also phonological processing. Here
we tested the AVG effects upon three consolidated language-based predictors of reading development in a sample of 79 pre-readers at-
risk and 41 non-at-risk for developmental dyslexia. At-risk children were impaired in either phonemic awareness (i.e., phoneme
discrimination task), phonological working memory (i.e., pseudo-word repetition task) or rapid automatized naming (i.e., RAN of colors
task). At-risk children were assigned to different groups by using an unequal allocation randomization: (1) AVG (n =43), (2) Serious Non-
Action Video Game (n=11), (3) treatment-as-usual (i.e., speech therapy, n=11), and (4) waiting list (n = 14). Pre- and post-training
comparisons show that only phonemic awareness has a significantly higher improvement in the AVG group compared to the waiting list,
the non-AVG, and the treatment-as-usual groups, as well as the combined active groups (n =22). This cross-modal plastic change: (i)
leads to a recovery in phonemic awareness when compared to the not-at-risk pre-readers; (ii) is present in more than 80% of AVG at-risk
pre-readers, and; (iii) is maintained at a 6-months follow-up. The present findings indicate that this specific multisensory attentional
training positively affects how phonemic awareness develops in pre-readers at risk for developmental dyslexia, paving the way for
innovative prevention programs.
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Gaze Following in Complex Virtual Environments: Comparing Human and Robot Avatars
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The influence of gaze behaviour on social perception and cognition is pivotal in understanding interactions not only among humans but
also between humans and embodied digital technologies such as robots. In our study, we investigate how the gaze of an avatar — either
human or robot — influences the gaze of participants, even if it contains no task-relevant information. We constructed a high-fidelity
virtual reality resembling corridors in a university office building, and placed automatically generated scientific posters on both side walls.
The avatar moved at a moderate walking speed and occasionally glanced at posters. Participants were instructed to follow the avatar
through a series of corridors. While participants could control their forward movement speed and had the freedom to move laterally and
to look around, they received no specific instructions regarding gaze or posters. We found that in corridors in which the avatar glanced
at posters only or mostly on one side, this lateral bias in gaze direction was also present in the participants. In this measure, no difference
was observed between human and robot avatars. However, participants’ total dwell time on posters was higher when they followed a
human avatar compared to a robot. These results show that participants exhibit substantial gaze-following behaviour, even if the gaze
of the other individual is irrelevant for the task at hand. Furthermore, our findings underscore the utility of virtual-reality paradigms in
investigating social perception within realistic, yet experimentally well-controlled settings, and how subtle behavioural adjustments of
avatars can effectively guide users’ attention in complex environments.
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Photojournalistic images can convey a powerful message, shaping our understanding of the world. Our results indicate that even a real
photograph could be considered fake without any suggestion other than asking a question; and that this effect varies depending on the
viewers’ political beliefs. What impacts the authenticity judgment is worth further exploring - in particular, the emotional load of the
photo is believed to be an important factor. We have chosen 1000 contemporary (2014-2021) photographs from the European Press
Agency database, depicting a variety of worldly events affecting the lives of people and societies (military conflicts, riots, humanitarian
crises, natural disasters, etc.). A representative sample of 300 participants was asked to judge whether they consider each photo real or
fake and to declare confidence in this decision (scale 0-50). Participants's political beliefs were assessed using the Political Beliefs
Questionnaire while controlling for demographic characteristics. Then, the different sample of 600 participants was asked to evaluate
photos on the valence and arousal dimensions using the Self-Assessment Manikin Scale and to assign the emotions they felt while viewing
a photo. Participants' political beliefs were also measured. Finally, participants’ Sensory Processing Sensitivity, the construct known to
impact the emotional evaluation, was measured using the Highly Sensitive Person Scale. The results revealed that Anger, Compassion,
Disgust, Excitement, Fear, Guilt, Hope, Pain, Sadness, and Tenderness significantly correlated with image authenticity. Left-wing people
more often reported feeling Guilt and Shame, while right-wing people - Pain and Disgust. People scoring higher on Sensory Processing
Sensitivity evaluated photos as more arousing and more often reported feeling Anger, Compassion, Fear, Pain, Regret, Sadness,
Tenderness, and Hope. Our results indicate that emotions play a crucial role in judging the picture as real or fake. Moreover, individual
differences and political beliefs predict reported emotions, emphasizing complex authenticity judgment factors.

Acknowledgements: This work was supported by the Polish National Science Centre (grant numbers 2020/39/B/HS6/03324 and
2021/41/N/HS6/04490).
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| (don't) see it in your face: Limited integration of context in dynamic emotion perception

Igne Jasukaityte!, Margaret Jackson?, Patric Bach?

1University of Aberdeen (UK)

Recent accounts suggest that face emotion perception is driven by the observer’s internal model of how the person’s emotion will
develop next. Indeed, studies demonstrate that the perception of briefly seen dynamic facial expressions is biased towards their
predicted next steps, so that the expressions appear more pronounced than they really are. So far it is unclear whether this
overestimation is driven solely by the available motion cues in the stimulus, or whether contextual information about the forthcoming
emotion is also integrated. We adapted a representational momentum task, where participants were presented with a contextual cue
(e.g., statement “I'll smile”) and watched a neutral expression morph towards happy or sad. After the face disappeared mid-movement,
participants judged whether a probe face with either a more pronounced or less pronounced expression matched the final expression in
the morph. Across four experiments, we found consistent overestimation of facial expressions, suggesting that motion cues affect the
perception of dynamic facial expressions. The effect of context, however, where there is greater overestimation for expressions
presented with a congruent cue than an incongruent cue, was only obtained in an initial study. Subsequent studies attempted to replicate
this effect by adjusting the experimental design to increase the reliance on contextual cues, such as increasing the duration of each frame
(exp 2), increasing the gap between the morph and the probe (exp 3), or adding visual noise to the face (exp 4). However, the effect of
audio on the face was not observed. This suggests that facial expressions are overestimated but it seems to be primarily driven by the
perceptual input itself (i.e., facial motion cues). Modulation of contextual cues appears to be either non-existent or too small to be
detectable with the current design.

Acknowledgements: This work was supported by the Economic and Social Research Council (ESRC) [grant number ES/P000681/1].
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Perception of the Relative Size of Volumetric Shapes in Virtual Reality
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York University (CA)

Research on size perception has focussed primarily on its interaction with egocentric distance to maintain size constancy. Less attention
has been paid to factors influencing our ability to judge relative size under more natural conditions. Here, we evaluate the contribution
of monocular and binocular depth information under conditions where observers passively view or actively engage with the stimuli.
Stimuli were presented using a virtual reality (VR) headset. Participants (n = 15) viewed a virtual rendition of a children’s shape-posting
toy at a distance of 0.8 m. On a given trial, one of four size-matched shapes (triangle, square, pentagon, or clover) appeared beside the
box for 4 s. The shape's size relative to its target slot was varied across trials using a method of constant stimuli with seven levels centred
on the correct size. Participants indicated if the target shape was larger than the slot. In the first study, participants could not interact
with the shape. In another experiment, the participants (n = 11) could pick up the shape with a tool and view it from different orientations
for 5 s. Cumulative normal distributions were fit to individual data to calculate JNDs and PSEs and averaged across observers. We found
that size discrimination was accurate across conditions; PSEs were close to, but slightly less than a size ratio of 1. As expected, JNDs were
consistently lower in the binocular viewing condition for both passive and active conditions. The ability to interact with the objects only
slightly improved performance in the monocular conditions despite the addition of motion-based shape information. In ongoing studies
we are evaluating the role of individual sources of depth information and shape complexity. The results highlight the importance of
stereopsis in judgements of relative size for natural stimuli.

Acknowledgements: Vision: Science to Applications (VISTA). NSERC.
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Augmented Identity: Unveiling the Influence of Cybernetic Enhancements on Personality Perception
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Human enhancement denotes using embodied technologies to improve human capabilities. One of the oldest references to this
adaptation of ourselves, instead of the environment, is the infamous “Cyborg,” which relies on visible cybernetic implants. However,
research into the augmentation of humans through cybernetic implants, particularly, our knowledge about the perception, evaluation
and impact of such adaptation is scarce. In our experiment, 198 participants assessed facial stimuli either modified through cybernetic
implants, tattoos, or piercings on the dimensions of intelligence, attractiveness, humanness, warmth, trustworthiness, and threat. Non
modified facial stimuli were used as control. We found that individuals modified through human enhancement technologies were
perceived as less attractive, warm, trustworthy, and human compared to non-modified individuals if severe modification was used. At
the same time, they were perceived as more threatening. Results did not indicate an influence of cybernetic modification on intelligence.
Tattoos appear to have significant negative effects on all dimensions, depending on their severity. No effect could be found for gender,
ethnicity, or the modification through piercings. Besides connecting to established research on body modifications, our study provides
an initial perspective on the social perception of cybernetic implants. Possible implications for social and economic questions are also
discussed. The future will tell whether the phenomenon we examined is science-fictional or becomes cyborg reality.
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Both central tendency bias and serial dependence affect judgements about orientation and hue

Saija Niemil, Maria Olkkonen?, Toni Saarela?l

1University of Helsinki (FI)

Perceptual decisions can be biased towards the immediately preceding stimuli (serial dependence) and towards the mean of all stimuli
(central tendency bias). We studied the coexistence and relative magnitudes of serial dependence and central tendency bias in the
perception of orientation and hue. In each trial, the observer was presented with a low contrast Gabor patch (orientation experiment, n
=12) or a coloured disk (hue experiment, n = 12) for 500 ms, followed by a probe stimulus. The observer adjusted the probe orientation
or hue to match the first stimulus. Stimulus values were drawn from a truncated normal distribution. The distribution was centred at 45
degrees clockwise from vertical (orientation) or at the individually calibrated blue-green category border (hue). When response errors
were analysed separately for serial dependence and central tendency bias, we found both: responses were biased toward preceding
stimuli and the cumulative mean of stimulus values. When controlling for central tendency bias, however, the magnitude of serial
dependence on the 1-back stimulus diminished significantly (hue) or disappeared (orientation). Controlling for 1-back serial dependence
had little effect on central tendency bias. Further, linear mixed models using the cumulative mean, eight previous stimuli, and the starting
value of the probe as predictors revealed that the cumulative mean and two preceding stimuli explained most of the biases in the
responses for hue, and the cumulative mean and 2-back stimulus explained biases for orientation. The magnitude of central tendency
bias was at least 2-fold compared to the bias caused by serial dependence. Finally, the starting value of the probe stimulus also caused
a significant attractive bias. In conclusion, both central tendency bias and serial dependence from past stimuli have attractive effects on
perceptual decisions about orientation and hue. Both should be accounted for when studying the effects of stimulus history.
Acknowledgements: Supported by the Emil Aaltonen Foundation.
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Characterising time-on-task effects on oscillatory and aperiodic EEG components during visual task performance
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Fluctuations in oscillatory brain activity have been shown to co-occur with variations in task performance. More recently, part of these
fluctuations has been attributed to long-term (>1hr) monotonous trends in the power and frequency of alpha oscillations (8 — 13 Hz).
Here we tested whether these time-on-task changes in EEG activity are limited to activity in the alpha band and whether they are linked
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to task performance. Thirty-six participants performed 900 trials of a two-alternative forced choice visual discrimination task with
confidence ratings. Pre- and post-stimulus spectral power (1-40Hz) and aperiodic (i.e., non-oscillatory) components were compared
across blocks of the experimental session and tested for relationships with behavioural performance. We found that time-on-task effects
on oscillatory EEG activity were primarily localised within the alpha band, with alpha power increasing and peak alpha frequency
decreasing over time, even when controlling for aperiodic contributions. Aperiodic, broadband activity on the other hand did not show
time-on-task effects in our data set. Importantly, time-on-task effects in alpha frequency and power explained variability in single-trial
reaction times. Moreover, controlling for time-on-task effectively removed the relationships between alpha activity and reaction times.
However, time-on-task effects did not affect other EEG signatures of behavioural performance, including post-stimulus predictors of
single-trial decision confidence. Therefore, our results dissociate alpha-band brain-behaviour relationships that can be explained away
by time-on-task from those that remain after accounting for it - thereby further specifying the potential functional roles of alpha in
human visual perception.

Acknowledgements: The work was funded by the Scottish Graduate School of Social Sciences
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Audio-visual integration during knowledge activation in real-world scene processing
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In everyday life, auditory and visual inputs are combined and may influence each other’s processing. We studied how non-verbal sounds
may influence visual information gathering from real-world scenes and knowledge activation about them. Participants judged, as quickly
and accurately as possible, which of two words referred to an action typically performed in the scene that followed. The scene was
initially presented filtered by low or high spatial frequencies, providing mainly global or local visual information, and gradually changed
into a full-spectrum image. A sound semantically consistent or inconsistent with the scene was presented for the whole scene duration.
Compared to a no-sound baseline condition, accuracy was lower with an inconsistent sound but no different with a consistent sound,
while correct responses were quicker with a consistent sound but no difference in response times emerged with an inconsistent sound.
These results were found regardless of the spatial frequency filter. They suggest that non-verbal, auditory inputs modulate understanding
of visual scenes, but their inconsistency or consistency might impact different mechanisms, namely likelihood versus promptness of
activation of appropriate knowledge, especially when visual information is incomplete.
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Around the Clock: Physiological Markers of Lapses in Attention During Sustained Task Performance

Emily Cunningham?, Magdalena letswaart?, Christian Keitel?

tUniversity of Stirling (UK), 2University of Dundee (UK)

Too often still, people lose their lives or livelihoods in tragic accidents that have their root causes in lapses of attention. With today’s
technology, the development of assistance systems which can detect attentional lapses and prevent such accidents should be viable.
One way to achieve this is to use objective, physiological signals in which sudden changes may indicate an imminent lapse. Our study
aims at identifying physiological markers that are maximally diagnostic and reliable. We simultaneously record electroencephalographic
(EEG) activity and changes in pupil size as we monitor performance in modified versions of two sustained attention paradigms: the
Mackworth Clock Task and the Sustained Attention to Response Task. In both monotonous tasks, participants are required to stay focused
for a long period of time and respond appropriately to infrequent target events. Preliminary results thus far support our preregistered
predictions: in the seconds preceding a miss (or misresponse) — when we assume that participants were not paying attention — we
observe an increase in activity in the alpha frequency band (8-14Hz) in occipital electrodes, a marker previously associated with
attentional focus, and a difference in pupil diameter, a marker previously associated with neuromodulatory arousal. Furthermore, we
observe time-on-task effects in both the EEG and behavioural data: a steady increase in alpha power and reaction time as participants
generally become fatigued. Further analyses will target other measures such as the spectral slope of the EEG power spectrum that
indexes excitability fluctuations and how different measures can be combined to increase reliability. Finally, comparing the data between
the two tasks will provide insights into how much any given diagnostic marker generalises across situations with different response
demands.

Acknowledgements: Scottish Graduate School of Social Science.
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Evaluation of region-of-use in spectacle lenses with eye-tracking technology

Marta Alvarez?, Clara Benedi-Garcia?, Pablo Concepcion-Grande?, Carmen Cano?, Amelia Gonzalez?, José Miguel Cleval, Eva Chamorro?
1OT (ES)

Identifying areas of clear vision in ophthalmic lens design, particularly for presbyopic progressive power lens (PPL) wearers, enables
precise design adjustments, leading to enhanced visual quality and wearer comfort. The aim of this study is to determine the vertical
position-of-use, (VPU), defined as the vertical distance from the fixation mass center, projected on the back surface of the lens, to the
fitting cross when wearing single-vision (SV) and PPL during distance and intermediate tasks, analyzing variations in positions on the lens
depending on required addition (Add). Pupil positions of 15 subjects, divided into 3 groups (G1, 5 non-presbyopic subjects; G2, 5 subjects
with Add<2D; G3, 5 subjects with Add>2D), were recorded using an Eye-Tracker (ET, Tobii-Pro-Glasses3, Sweden; 50Hz). Subjects
performed a distance task consisting of finding specific information on an airport departure board (20 trials) displayed on a TV (3.73m;
16.5x28.4deg) and an intermediate task consisting of filling up a questionnaire using a computer (0.70m;32.8x53.2deg). The tests were
performed wearing SV (Endless Single-Vision, 10T) and wearing PPL (Essential Steady, 10T) with Add=2D for G1 or as prescribed for
G2&G3. It was performed independent samples t-test for group comparison and paired t-test for lens comparison, setting p-value at
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0.05. Average VPU for each group was G1: 3.2+3.9mm&-3.1+3.8mm for distance and intermediate task respectively, G2: 1.2+2.7 mm &
-14.74£2.7 mm and G3: -0.9+2.9 mm & -18.3%4.2 mm. VPU was lower during the intermediate task compared to the distance task for 3
groups (p<0.05). For the intermediate task, G2&G3 used a lower zone compared to G1 (p<0.05). Furthermore, considering the lens type,
G2&G3 look through a lower zone when wearing PPL compared to SV (p<0.05). The wearable ET method identified differences in regions-
of-use influenced by visual tasks, prescribed addition, and lens type, providing valuable insights for improving the power distribution in
PPL designs.
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Probing object and scene meaning in visual search: a quasi-experimental approach

Antje Nuthmann?, Anton Janser

IKiel University (DE)

Efficiently locating objects within visual scenes is crucial for everyday behaviour. Here, we report results from a large-scale project where
we utilised a quasi-experimental approach to investigate scene guidance during visual search in naturalistic environments. The stimuli
consisted of 170 real-world scene images, each with a single target object that was a natural part of the scene. To capture different
aspects of object and scene meaning discussed in the literature, two independent rating studies were conducted online. First, human
observers rated each search object regarding (a) the likelihood of encountering this object in the scene (semantics) and (b) its positional
fitin the scene (syntax). Second, to gauge the spatial distribution of semantic features within each scene, a ‘meaning map’ was generated
by aggregating ratings on the meaningfulness of scene patches. Global scene meaning was defined as the mean value across all pixels in
the map, while local meaning was represented by the mean value over the search object. Additionally, we determined the object’s size
and visual salience. Next, we conducted an eye-tracking study where 54 observers located the target object in each scene by directing
their eyes to it. The main dependent variable was the latency to first fixation on the target, measuring how efficiently attention was
guided towards it. Linear mixed-model analyses revealed independent effects of local meaning, syntax, and object size, indicating shorter
latencies, and thus more efficient search, for higher-meaning targets, targets appearing at more probable locations, and larger targets.
Moreover, latencies increased as global scene meaning increased, indicating that the increased presence of distractor elements in the
scene slowed down search. In summary, the results suggest that both scene-based and target-based factors affect scene guidance during
visual search. We discuss our findings in the context of existing research using experimental manipulations.
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Effect of discrete and continuous movements on visual time perception

Xuening Lit, Elise Abou Mrad?, Louis Garcia?, Robin Baurés?, Joseph Tisseyre?, Sylvain Cremoux?
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Background: Visual time perception (VTP) is crucial to successfully interact with the surrounding environment. VTP is altered when
concurrent action is performed. The magnitude of the alteration depends on action parameters (e.g., timing, speed, duration, direction).
Motor control theories suggest that action can be distributed into two classes, namely discrete and continuous movements. This study
investigated the influence of movement types on VTP. Methods: Two groups of participants had to evaluate whether a moving disc
reappeared from occlusion too early or too late while performing (or not) an action. The continuous group had to perform a continuous
elbow extension from the moment the disc started moving until trial ends. The discrete group had to press a key when the disc reached
the position it would have had 0.75s after occlusion (displayed on screen with a green target). For each action condition, individual
psychometric function was computed to determine the Point of Subjective Equality (PSE) and Just Noticeable Difference (JND) which
respectively reflect the accuracy and precision of the VTP performance. ANOVAs were performed on PSE and JND to evaluate the effects
of Action conditions (Action vs. NoAction) and Groups (Continuous vs Discrete). Result: A significant interaction Group X Action
Conditions was revealed on PSE. Post-hoc tests showed that PSE was modulated by Action Conditions only for Discrete Group, with higher
PSE for the Action condition compared to NoAction condition. No significant effect was revealed on JND. Conclusion: Discrete
movements, rather than continuous movements, influence visual time perception. Discrete movements may require increased
attentional resources and cognitive processing in comparison to Continuous movements, making observes more focused on the VTP.
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From movement vigor to “perceptual vigor”: Eye movements alter the postdictive window of visual awareness

Joan Danielle K. Ongchoco?, Martin Rolfs!
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Underneath any given percept is a series of temporal moments stitched together. For example, an event can occur at one moment t1
(say, one disc A passing another disc B), but will be perceived in a categorically different way (that disc A caused disc B to move) depending
on cues that appear just moments after at t1+At. This is the phenomenon of postdiction, when cues after-the-fact (within a “postdictive
window”) can paradoxically influence immediate visual awareness of events. What dictates the size of the postdictive window? While
accounts of visual awareness typically focus on what comes into awareness, here we propose a more active picture: that is, particular
properties of visual actions, such as that of eye movements, may reach into and restructure conscious perception. In each trial, we
manipulated the pace of saccades, such that we could reliably induce eye movements to traverse the same amplitudes in either a faster
(“high-vigor”: lower latency, higher peak velocity) or slower (“low-vigor”: longer latency, lower peak velocity) manner. To measure
postdiction, we used an established paradigm of causal capture (Choi & Scholl, 2006), in which observers watched discs pass each other,
while a “context” causal launch occurred either right at the moment the discs fully overlapped or after increasing lags. We replicated the
main effect, with the context launch eliciting perceived causality even when occurring after-the-fact. Remarkably, the postdictive window
was broader in low-vigor trials, with increased reports of perceived causality even when the context launch occurred after longer lags.
We suggest that at a low-vigor state, the visual system recalibrates to integrate information over longer time windows perhaps to
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compensate for potential processing delays. The “vigor” of visual actions influences not only the pace at which information arrives, but
also how such information is stitched together into the stream of experience.

Acknowledgements: This research was supported by the European Research Council (ERC) under the EU’s Horizon 2020 research and
innovation program (grant agreement no. 865715).
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Measuring melanopsin modulation of V1 responses using fMRI
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Melanopsin cells in the retina are different to other classes of photoreceptor in that their function is not primarily image-forming.
However, recent evidence suggests that melanopsin-driven signals influence vision, perhaps by modulating the outputs from cone
photoreceptors, and there is also a debate as to whether they are able to stimulate V1 directly, or whether their influence is confined to
subcortical pathways. A previous fMRI study from our lab found unusual time course responses in V1 for S-cone isolating stimuli: the
response to a long period of S-cone stimulation was sustained and did not drop back down to baseline after stimulus offset (at 12
seconds), or even by the end of the 12 second off period. We hypothesised that this was due to an effect of lingering melanopsin
activation, which is known to have a prolonged response relative to the cone photoreceptors, and is most likely to be activated by an S-
cone isolating stimulus (over a luminance or L-M stimulus) because we did not explicitly silence melanopsin in that study. Here, we report
results from a more controlled experiment with a custom-made multi-primary LED system in which participants saw S-cone isolating
stimuli that also either activated or silenced melanopsin, as well as melanopsin-only stimuli (where the S-cones were silenced). Stimuli
were presented in a block design, 15s ON / 30s OFF to allow time for a sustained response to return to baseline between conditions.
Here we present preliminary results indicating that melanopsin-driven responses can be recorded from cortical area V1, with the S-cone
melanopsin-active condition showing a more sustained time course after stimulus offset, than the S-cone melanopsin-silenced condition.
Acknowledgements: BBSRC Research Grant BB/V007580/1.

211
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Searching for a relevant target in cluttered and dynamic environments is a time-consuming and exhaustive task. Processing each object
and discriminating from the distractors leads to long search times which increase with the number of objects. Particularly in time-critical
situations where a person oversees multiple devices and tools, reducing the search time can significantly enhance the operator's
performance. In laboratory experiments, spatially non-informative auditory cues that are temporally synchronized with a change in the
visual target have been shown to massively improve search performance (pip-and-pop effect). Until now, the pip-and-pop effect has
been rarely studied outside the laboratory mostly using auditory cues. Here, we examined how tactile, auditory, and audio-tactile brief
signals affect search performance in a dynamic and cluttered real environment with robots. We created a bounded field on the floor (2m
x 2m) containing 10 swarm-robots (Thymio ). The basic robot behavior was straight ballistic motion with a constant velocity (0.1 m/s).
If the robot detected an obstacle (field boundary, another robot) it randomly changed direction. The participants’ task was to detect the
stopping of a single robot which occurred in half of the trials at a random time point. Synchronous to the stopping (or at a random time
point in trials without stopping), we presented a sound, a vibrotactile stimulus on the torso, both (duration 100 ms) or no cue. All of the
cue conditions resulted in a decrease in reaction times compared to no cue. Furthermore, hierarchical drift diffusion model showed that
the difference in reaction times can be explained by a change in sensory acquisition rate. We conclude that brief and non-spatial auditory,
tactile, and audiotactile cues facilitate the visual search in dynamic and cluttered real environments.

Acknowledgements: This work was supported by European Union’s Horizon 2020 FET Open research programme under grant agreement
no 964464 (ChronoPilot).
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Does implicit prior information about compliance contribute to exploratory force control in active touch?
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The sense of touch provides crucial information when performing everyday life tasks, such as choosing a high-quality fabric or finding a
comfortable pillow. When performing these tasks, people adjust their hand movements according to different haptic properties to obtain
relevant information, e.g. they may indent or squeeze the object to assess softness (Lederman & Klatzky, 1987). In addition, prior
information about the object can also guide exploratory movements. When people in a softness discrimination task are presented only
with hard or only with soft stimulus pairs —providing implicit prior information about the compliance of upcoming stimuli- they apply
higher forces to the hard stimuli. This force-tuning improves the perception. Here, we aim to reveal how and how quick such implicit
prior information on compliance becomes accessible for exploratory control in softness perception. In two experiments participants were
presented with hard and soft stimulus pairs in predictable patterns alternating between hard and soft pairs every 2, 4 or 6 trials, or the
sequences of same-compliance trials were presented randomly as an unpredictable pattern. They were asked to choose the softer
stimulus on each trial. We analyzed initial and second peak forces in each trial. We observed that participants tuned their forces by
applying higher forces to hard stimuli when stimuli were presented in predictable sequences of minimum 4 or 6 same-compliance trials.
Besides these predictive processes in force-tuning, we also observed immediate reactions to stimulus compliance in the trial sequence
of unpredictable patterns and in second peak forces. Overall, we suggest that people can use anticipatory mechanisms to adapt force to
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prior information about compliance when presentation conditions are stable, but also react in their force-tuning behaviour to directly
preceding sensory information about stimulus compliance.
Acknowledgements: This research was supported by the DFG (SFB/TRR135/1-3, AO5, project 222641018).
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Jade: a real-time, VR-ready gaze event detector
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A Gaze Event Detector (GED) is an algorithm that parses a time series of raw eye movement data into meaningful gaze events (aka
oculomotor behaviours). The best-known, and most-researched, gaze events are fixations and saccades; there are also smooth pursuits
(SPs), events caused by vestibulo-ocular and opto-kinetic reflexes (VOR and OKR), vergence shifts, and more. Blinks and winks are related
behaviours, affecting eye movement data, and many GEDs include a blink detection algorithm. Many GEDs have been developed in the
last 50 years; most popular are IVT, IDT and their extensions. Most of these are well suited to the experimental paradigms with the
participant sitting in front of a flat stimulus display. Thus they often equate eye movement and gaze shift, disregard head movement, do
not account for vergence changes,etc. Nowadays, eyetracking technology rapidly becomes a ubiquitous component of most XR devices.
One barrier for an adoption of gaze analysis in XR is a lack of GED algorithms that deal with coordinated eye-head-body gaze movements,
and complex 3D stimulus scenes. Ideally, such an algorithm would be implemented to work in real time, allowing for gaze-contingent
research, and gaze-aided Ul. We expand on our, previously published, two-tier taxonomy of gaze behaviours; and present an
implementation that runs in real time, on several commercially-available VR headset models, streaming detected gaze behaviours via a
popular LabStreaminglLayer platform; at every incoming data sample from the eye tracker, a best guess at the current event is updated
and sent out. We also present results from an ongoing validation study.
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The influence of task engagement on time perception
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Traditional models of time perception revolve around the concept of an internal clock, based on a linear relationship between perceived

and actual elapsed time. This theoretical framework suggests that our brain tracks time through a sequential process of accumulating
internal pulses. Additionally, the attentional allocation model suggests that when our attention is absorbed in cognitive tasks, we tend
to underestimate the amount of time that has passed, as opposed to when we are focusing on the passage of time. Most of this research
has been limited to short and predefined intervals of time, overlooking the nature of real-world tasks, where duration is not fixed, and
their potential effects on time perception. Our innovative approach investigates the impact of task engagement on time perception by
studying the relationship between the actual time dedicated to the task—without setting predefined intervals—and its perceived
duration. Participants were engaged in a visual search task and, after finding the target letter among distractors, they had to estimate
how much time it took to complete the task. The number of distractors was varied from 100 to 500 to explore the effect of increasing
cognitive load on time perception. When engaged in the visual search, participants consistently underestimated time compared to when
they were not performing any task, with a linear relationship between estimated and actual time, supporting traditional time perception
models. Interestingly, while the time spent in the task increases with the number of distractors, the amount of underestimation is the
same, suggesting that, in these experimental conditions, clock rate does not vary with task difficulty. In conclusion, our research highlights
that when we are engaged in a mental task, our estimation of the time spent doing the task is shorter than the real duration of the task,
regardless of different levels of cognitive engagement.
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"Oh They Can Draw!"- Does Representational Context Affect Viewers Judgement of Abstract Art?

Clare Kirtley*
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The perceptual features of art are not the only factors that influence how we judge a piece of work. One particular factor is the context

in which the image is displayed. Previous work has considered this in terms of the environment (e.g. art gallery vs lab), but in the current
study, we focus on the surrounding images. We hypothesised that seeing abstract art (often regarded as low effort, particularly by novice
viewers) in the context of representational work (seen as higher effort) by the same artist might lead viewers to judge the abstract art
differently, as it was shown in the context of a more 'objective’ demonstration of the artists skill. Sixty-eight participants in the current
study rated examples of abstract art in either abstract or representational contexts, in terms of the perceived effort involved in creation,
associated value, and how much they liked the work. However, results showed a significant effect only for liking, such that abstract art
was less liked when displayed alongside representational works by the artist. These findings suggest a role for display context in aesthetic
judgements, but that, at least in the eyes of novice viewers, abstract art may suffer in comparison to representational works.
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Pattern motion and optic flow analyses automatically acquired by decoding self-motion during natural motor actions

Hiroaki Gomit

INTT Communication Science Labs (JP)
Humans control various interactions with the external world heavily relies on visual information. We need to control our movements in

real time considering self-body motions to access external objects. We previously hypothesized that illusory self-motion estimated from
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visual motion triggers a quick manual response named manual following response (MFR). This hypothesis has been supported by our
study showing that the spatiotemporal frequency tuning to visual motion of the MFR is similar to that of a convolutional neural network
(CNN, 6-conv layers with last linear layer) trained to estimate self-motion (three translational and three rotational velocities) from first-
person perspective image sequences in daily actions. To reveal the internal representation of the CNN, we first examined the specificities
of pattern motion analyses by calculating pattern and component selectivity using grating and plaid motion. As observed in V1 and
MT/MST cells in the hierarchical visual motion processing, many CNN kernels in the lower layer exhibited high component selectivity
index, but this index decreased in the higher layer kernels while pattern selectivity tended to increase in the higher layer kernels.
Interestingly, when tuning of each CNN kernel to the 3D optic flow was examined by feeding various translational and rotational dot
motions in 3D space, we found that kernels in the 6th layers tended to be highly correlated with either component of the self-motion
velocities. Additionally, the distribution of directional preferences looked similar to that in MST which is thought to contribute to
perceptual performance of the flow direction. Importantly, without any explicit training of dot motion images, this CNN have successfully
acquired the optic flow analysis only by training the self-motion decoding from image sequences. These results may imply that the visual
motion analysis is shaped and maintained by estimating self-motion through interactions with the environment as suggested in the kitten
developmental study.
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Insights into Antisaccade Performance and Motion Extrapolation in Hemianopia Patients

Luca Battaglini!, Marianna Musa?, Francesco Costalunga?

LUniversity of Padova (IT)

Homonymous hemianopia is a condition in which patients lose vision in the same half of their visual field in both eyes due to a post-
chiasmatic lesion, often located at the level of V1. For instance, a patient with a lesion in the right occipital cortex will experience loss of
vision in the left side of the vertical midline in both eyes. Individuals with hemianopia frequently report greater difficulty in tasks such as
watching videos compared to participants with normal vision. In this study, we aim to investigate how patients perform tasks involving
saccades towards the sighted or the blind field in Experiment 1, and how they extrapolate the position of an object in motion that
disappears within the blind field in Experiment 2. In detail, in the first experiment, patients completed a saccade and antisaccade task,
wherein a bright spot appeared randomly in the sighted field and patients had to execute a saccade aiming at the symmetrical position
of the bright spot in the blind field. In the second experiment, patients had to fixate a white cross while paying attention to a moving
spot that disappeared behind their scotoma. After a variable period, the central cross changed its color, indicating the moment the target
stopped moving. Patients had to estimate the position on the screen where the occluded target arrived with a mouse click. The precision
of saccades and antisaccades in Experiment 1, as well as controlled fixation during target movement in Experiment 2, were measured
using a Tobii Pro Spectrum eye tracker. A control group of healthy participants with artificial scotomas was included to compare patient
performance. Results indicated poorer performance in both experiments among patients, suggesting an altered spatial map
representation in the blind field region despite their prior ability to see in that specific visual field.
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Multicenter Assessment Pattern Reversal Visual Evoked Potentials in Children: Establishing Reference Intervals and Clinical Utility

Eszter Miko Bardth?, Dorothy A. Thompson?, Sharon E. Hardy3, Gabor Jandd4, Martin Shaw?, Ruth Hamilton>

1University Of Pécs, Medical School (HU), 2The Tony Kriss Visual Electrophysiology Unit, Clinical and Academic, Department of
Ophthalmology, Great Ormond Street Hospital (UK), 3University College London Hospitals NHS Foundation Trust (UK), 4Institute of
Physiology, Medical School, University of Pécs (HU), >Department of Clinical Physics and Bioengineering, NHS Greater Glasgow and Clyde,
Royal Hospital for Children, Glasgow (UK)

Checkerboard pattern reversal visual evoked potentials are essential for tracking vision and central nervous system development.
Standardized protocols established by the International Society for Clinical Electrophysiology of Vision (ISCEV) enhance comparability
across centers, which is crucial for clinical assessment and research. This multicenter study aimed to assess agreement between ISCEV
Standard pattern reversal visual evoked potentials from three European centers, establish reference intervals across infancy to
adolescence, and explore potential sex-based differences. Healthy infants and children (n=649, age: 2 weeks to 16 years) underwent
pattern reversal visual evoked potentials recordings using similar protocols: checkerboards with large (50’/60’) and small (12’/15’) check
widths, presented at 1-3.75 r/s, recorded from electrodes Fz-Oz. Analysis was conducted using orthogonal quadratic and sigmoidal
curves. Results demonstrated comparability across centers and negligible sex-based differences. Pooled data revealed rapid decreases
in P100 peak time, stabilizing by 27 and 34 weeks (‘critical age’) for large and small check widths, respectively. Post-critical-age reference
limits were established as 87-115 ms and 96—131 ms for large and small check widths, respectively, alongside marked amplitude
variations. The study confirms the feasibility of combining pattern reversal visual evoked potentials reference data despite slight
methodological disparities within ISCEV Standards, supporting their robust clinical utility. The presented reference data provide a
foundation for validation or adaptation in diverse settings, aiding clinical electrophysiological assessments of vision and
neurodevelopment.

Acknowledgements: Thematic Excellence Program 2021 Health Sub-program of the Ministry for Innovation and Technology in Hungary,
within the framework of the EGA-16 project of the University of Pécs (TKP2021-EGA-16).
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Feature- and motor-based temporal predictions differentially benefit visual search performance in dynamic settings

Gwenllian Williams?, Sage E. P. Boettcher?, Anna C. Nobre?
lUniversity of Oxford (UK), 2Yale University (US)
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Dynamic visual search poses many challenges for the cognitive system. Environmental regularities can help improve target detection.
The benefit of regularities in the temporal domain have only recently been investigated. Here we ask 1) if these benefits extend to
feature-temporally predictable targets and 2) whether we find these benefits in the absence of temporally predictable motor responses
to targets. We used a novel dynamic visual search task where either target features, motor responses, neither, or both, varied predictably
with time. Participants searched a dynamic display of coloured circles embedded with small shapes. The stimuli faded in and out of the
display at different times over the course of each trial. Targets were blue or pink, not green, and had a rectangle on one side, not a
triangle. Participants identified targets by quickly pressing a key corresponding to the side of the rectangle (left or right). Importantly,
each target appeared at one of two times during trials, early or late. Participants were each assigned one of four regularity conditions:
‘baseline’ (each target colour and response was equally likely at each target time), ‘feature-temporal’ (target colour varied predictably
with time, e.g., blue early/pink late, response did not), ‘motor-temporal’ (response varied predictably with time, e.g., left response
early/right response late, colour did not), and ‘feature-motor-temporal’ (both colour and response varied predictably with time). We
found a reaction time benefit compared to baseline for the feature-temporal, motor-temporal, and feature-motor-temporal conditions.
This suggests participants used each time-dependent regularity to benefit their performance. Furthermore, reaction times in the feature-
motor-temporal condition were significantly faster compared to the feature-temporal condition, but not the motor-temporal condition.
Therefore, motor-temporal regularities, whether paired with feature-temporal regularities or not, benefitted performance most. This
study underscores the utility of temporal predictions in guiding dynamic visual search behaviour.

Acknowledgements: Oxford Medical Sciences Studentship (EPSRC); NIHR Oxford Health BRC (NIHR203316); Wellcome Trust SIA
(104571/2/14/2); The Wellcome Centre for Integrative Neuroimaging (203139/2/16/Z).
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A comparative study of the perceptual quality and aesthetic attributes across Tone-Mapping Operators

Alejandro Parraga?, Pau Blasco Roca?, Xim Cerda Companys?, Xavier Otazu Porter!

1Computer Vision Center (ES), 2Univ. Autonoma de Barcelona (ES)

Tone-mapping operators (TMOs) are algorithms designed to convert high-dynamic range (HDR) images into perceptually similar low-
dynamic range ones. In the present study, we designed three different psychophysical experiments to study the performance of ten
TMOs. All experiments were performed in a controlled environment, and physical HDR scenes were designed to study perceptual
properties of TMO-generated images. Crucially, these three experiments permitted us to compare (1) the TMO-generated images (a.k.a.,
tone-mapped images) between each other, and (2) these tone-mapped images against the real HDR scene. In the first experiment,
participants evaluated the local relationships among different lightness patches distributed across the HDR scene. These relationships
were measured in both the real HDR scene and the TMO-generated images. In the second experiment, the participants rated the visual
similarity and the naturalness between TMO-generated images and the real HDR scene, presented side-by-side. Finally, in the third
experiment, participants ranked TMO-generated images according to their aesthetics preferences. These data sets facilitated the
construction of three different rankings, evaluating grayscale and intrinsic image properties conservation, faithfulness to reality, and
aesthetic appeal. Notably, more recently developed TMOs showed a superior performance in preserving the existing local relationships
between objects, as evidenced by the first experiment results. Furthermore, a strong correlation between faithfulness and aesthetic
appeal was also observed.

Acknowledgements: This publication is part of grant TED2021-132513B-100 and R+D+l grant PID2020-118254RB-I00 financed by
MCIN/AEI/10.13039/501100011033, by the Agencia de Gesti6 d’Ajuts Univesitaris i de Recerca (AGAUR) through 2021-SGR-01470, and
the CERCA Programme/Generalitat de Catalunya.
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Elevated Peripheral Crowding in Pre-Perimetric Glaucoma Evaluated Using Eye-Movement and Manual Response Paradigms

Dilce Tanriverdi!, Khaldoon Al-Nosairy2, Michael B. HoffmannZ, Frans W. Cornelissen?

1University Medical Center Groningen (NL), 20tto-von-Guericke University (DE)

Peripheral visual crowding refers to the difficulty in distinguishing objects in the peripheral field of vision, particularly when surrounded
by clutter or other visual stimuli. Previous research indicates that individuals with glaucoma experience heightened peripheral crowding.
This phenomenon could serve as a useful indicator for evaluating the functional visual performance of glaucoma patients. Understanding
peripheral crowding in glaucoma may provide insights into the difficulties these patients face in everyday activities, including driving and
object recognition. However, current methods for studying peripheral crowding are time-consuming and attention-demanding. This
study aims to examine peripheral visual crowding in individuals with pre-perimetric glaucoma and assess the potential effectiveness of
eye-movement-based paradigms in evaluating peripheral crowding in this older population. The study involved 10 pre-perimetric
glaucoma patients and 10 age-matched controls. Crowding magnitudes were assessed using 2AFC Eye Movement, 2AFC Manual, 6AFC
Eye Movement, and Serial Search paradigms. These paradigms measured crowding magnitude using orientation discrimination
thresholds. Moreover, assessment times and participant preferences were compared across paradigms. Our results showed that pre-
perimetric glaucoma patients exhibited elevated peripheral crowding (p = 0.03), however, this was only evident in the manual 2AFC
response paradigm (p < 0.001). The serial search paradigm, utilizing continuous eye movements, emerged as the fastest method for
assessing the thresholds (all p ‘s < 0.05), yet could not effectively distinguish between glaucoma and control groups in terms of crowding
magnitude (p = 0.81). Unexpectedly, the 6AFC eye movement paradigm proved challenging for both groups, possibly highlighting age-
related difficulties in distributing attention. In summary, confirming elevated peripheral visual crowding in glaucoma, our findings
emphasize the importance and complexity of effectively assessing peripheral crowding in elderly participants, including those with pre-
perimetric glaucoma.

Acknowledgements: This project has received funding from the European Union’s Horizon 2020 research and innovation programme
under the Marie Sklodowska-Curie grant agreement No 955590.
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Right in front of your nose: attention and decision making in dressage judging?

Peter Reuter?, Yulia Zaharial, Inga Wolframm?

van Hall Larenstein University (NL) /Tobii (SE)

Eyetracking technology is invaluable for comprehending human visual perception, attention, and decision-making, extending its utility
to various sports, including dressage. Dressage, known for the harmonious interaction between horse and rider, relies heavily on judges
to assess performance integrity and ethical training. Yet, little is understood about judges' visual focus during assessments. Twenty
dressage judges, split between novice (N=11) and advanced (N=9) levels, evaluated two horse-rider combinations. Using Tobii Fusion
(250Hz), their visual search behavior, Duration of Fixation (DoF), and Number of Fixation (NoF) were recorded across four areas of interest
(AOIs): front of horse, back of horse, horse's feet, and rider. Analysis revealed significant within-subject effects across AOls for DoF (F(3,
236) =73.06, p <.001) and NoF (F(3, 236) = 101.25 p < 0.001), with interaction effects between AOI*judging level (DoF: F(3, 236) = 73.06,
p <.001; NoF: F(3, 236) = 6.71, p < 0.001), indicating differing visual patterns among judges. Linear trends (p < 0.001) revealed judges
focused significantly more on the front of the horse than on other areas. Quadratic contrasts (DoF: p<0.001; NoF: p = 0.008) highlighted
how judges' expertise influences attention allocation across movements, notably novice judges directing more attention to the rider.
The front of the horse emerged as the most salient area for all judges, with the rider gaining additional attention from novice assessors.
These findings shed light on the nuanced distribution of judges' visual attention during dressage performance evaluation, offering insights
into the cognitive processes underlying expert performance assessment in equestrian sports.

Acknowledgements: Tobii AB.
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Intergroup processes and the happy face advantage

Doug Martin?

lUniversity of Aberdeen (UK)
There is abundant evidence that emotion categorization is influenced by the social category membership of target faces, with target sex

and target race modulating the ease with which perceivers can categorize happy and angry emotional expressions. However, theoretical
interpretation of these findings is constrained by gender and race imbalances in both the participant samples and target faces typically
used when demonstrating these effects (e.g., most participants have been White women and most Black targets have been men). Across
three experiments, the current research used gender matched samples (Expt. 1), gender and racial identity matched samples (Expt. 2),
and a manipulation of social context (Expt. 3), to establish whether emotion categorization is influenced by interactions between the
social category membership of perceivers and target faces. Supporting this idea, we found the presence and size of the happy face
advantage was influenced by interactions between perceiver and target social categories, with reliable happy face advantages in reaction
times for in-group targets but not necessarily for out-group targets. White targets and female targets were the only categories associated
with a reliable happy face advantage that was independent of perceiver category. The interactions between perceiver and target social
category were eliminated when targets were blocked by social category (e.g., a block of all White female targets; Expt. 3). These findings
support the possibility that contextually sensitive intergroup processes influence emotion categorization.
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Synthetic information processing: role of input and observer characteristics

Meike Ramon*

1Applied Face Cognition Lab, University of Lausanne (CH)

Over recent years there has been increasing interest in stable individual differences in sensory processing capacities. For instance, face
identity processing ability is considered a largely untrainable and likely heritable facet of cognition. The available empirical evidence
stems from studies using likenesses of real humans presented under varied conditions to record responses from different effectors and
using a range of neuroscientific methods. With the rapid development of technology, and generative Al specifically, the question arises:
(how) do stable differences in cognition relate to processing of synthetic identity information? In this talk, | will review recent work on
deepfake detection and discrimination of synthetic and real facial identities. This work illustrates how vision sciences can exploit
generative Al to inform machine models of human cognition.

Acknowledgements: MR is supported by a Swiss National Science Foundation PRIMA (Promoting Women in Academia) grant (PROOP1
179872).
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Configurations in Motion:
Investigating the Relative Impact of Stimulus Characteristics on Motion perception

Simon Merz!

lUniversity of Trier (DE)

When asked to localize the onset or offset location of a dynamic moving object, systematic biases towards and against the direction of
motion have consistently been observed (Frohlich effect, Onset-repulsion effect, Representational Momentum effect, Offset-repulsion
effect). Recent evidence (Merz et al., 2022) suggests that these biases systematically change with variations in stimulus speeds, and
demonstrate a closely mirroring relationship between the perceived onset and offset changes. With the aim of replicating this
fundamental finding, several experiments with diverse stimulus configurations were designed to investigate whether this pattern of
results can be generalized across different stimulus configurations (varying stimulus size; radius of circular motion trajectory; target
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presentation), and to analyze the significance of absolute and relative stimulus speed for this data pattern. Overall, the findings indicate
a robust data pattern across varying stimulus configurations, and the results are discussed in the context of the recently introduced
Speed Prior Account (SPA) of motion perception.

Acknowledgements: German Research Council (DFG) ME 5568/1-1.
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Comparing functional performance effects of VR-simulated static and dynamic visual disturbances

Paul Warren?, Christine Dickinson?, Neil Parry%2, Boris Otkhmezuril, Graham Bell, Joshua D Haynes

lUniversity of Manchester (UK), 2Manchester Royal Eye Hospital (UK)

Background: VR and motion capture technologies have strong potential to measure changes in functional performance in visually-guided
everyday tasks for e.g. visual impairment and neurological disorders. Here we examine the efficacy of this approach using a virtual
obstacle course to measure functional performance across different simulated visual disturbances. Method: 28 participants wore a Meta
Quest (Reality Labs, Meta Platforms) Head Mounted Display with head, shoulders and feet tracked via an 8 camera OptiTrack motion
capture system. Participants completed a virtual 60m course involving stepping over and squeezing between 6 obstacles on each of 13
trials. Trials 1-5 involved no visual disturbance and performance metrics recovered on trial 5 were used as a baseline. A further 8 trials
involved VR-simulated static (e.g. High Blur - HB, Low Contrast - LC, Tunnel Vision — TV) or dynamic (e.g. mild & severe Horizontal
Nystagmus - HN, mild & severe Mal de Debarquement - MdD) visual disturbances. We measured a range of performance characteristics
including time to complete, gait speed and virtual obstacle collision count. Results: After confirming that time to complete stabilised over
trials 1-5 (median = 56.2s) we found that performance varied markedly over disturbance conditions, with TV and MdB respectively leading
to a particularly marked increases in median time to complete (39% & 25%) and mean number of obstacle collisions (115% & 189%) as
well as decreases in mean gait speed (25% & 16%). Conclusions: This approach offers a promising, safe method to characterise visually-
guided action performance. In future work, this will enable us to quantify: i) the extent to which performance changes in clinical
conditions and how such performance might (or might not) relate to lower-level visual impairments; ii) the efficacy of new therapies
designed to minimise symptoms and improve perceptually guided action.

Acknowledgements: Funded in part by the Medical Research Council (MR/Y004000/1).
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A hierarchical efficient Bayesian observer model predicts attractive and repulsive history effects in multistable perception

Eline Van Geert?, Tina Ivancir?, Johan Wagemans?

1KU Leuven (BE)

In multistable dot lattices, the orientation we perceive is attracted towards the orientation we perceived in the immediately preceding
stimulus and repelled from the orientation for which most evidence was present previously. Theoretically-inspired models have been
proposed to explain the co-occurrence of attractive and repulsive history effects in multistable dot lattice tasks, but these models
artificially induced a direct influence of the previous trial on the current one, without detailing the process underlying such an influence.
We conducted a simulation study to test whether the observed attractive and repulsive history effects could be explained by an efficient
Bayesian observer model, which has previously been applied successfully to different tasks involving non-ambiguous stimuli. The efficient
Bayesian observer model assumes variable encoding precision of orientations in line with their frequency of occurrence (i.e., efficient
encoding). It also takes the dissimilarity between stimulus space and sensory space into account, which leads to different outcome
predictions depending on the levels of external stimulus and internal sensory noise. A direct implementation of the efficient Bayesian
observer model could not predict the empirically observed attractive effect of the previous percept, but a slightly adapted version of the
model including both stimulus history and perceptual history was able to explain the co-occurrence of both attractive and repulsive
temporal context effects. Furthermore, this model could reproduce the empirically observed strong positive correlation between
individuals' attractive and repulsive effects, by assuming a positive correlation between temporal integration constants for stimulus
history and for perceptual history. To conclude, the study brings evidence that efficient encoding and likelihood repulsion based on
stimulus history can explain the repulsive context effect, whereas prior attraction based on perceptual history can explain the attractive
temporal context effect in multistable dot lattice perception.

Acknowledgements: This work has been supported by a PhD fellowship from the Research Foundation — Flanders (FWO) awarded to Eline
Van Geert (Grant 11D3619N and 11D3621N) and by long-term structural funding from the Flemish Government awarded to Johan
Wagemans (METH/14/02 and METH/21/02).
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Saccade execution and inhibition shorten the perceived duration of peripheral stimuli

Alina Krug?, Lisa Eberhardt?, Manuel Rindle!, Anke Huckauf?

1UIm University (DE)

A number of studies have demonstrated that the perceived duration of short stimuli decreases with stimulus eccentricity. Participants
in these studies were required to maintain fixation on the screen center during stimulus presentation, thereby inhibiting saccadic eye
movements towards the stimulus. Studies have shown that executing saccadic eye movements towards a peripheral stimulus distorts its
perceived duration. Additionally, there are indications that the distortions of perceived timing of a stimulus that elicits a saccade
compared to stimuli observed passively are due to saccade programming, not execution. The aim of this study is to investigate the
perceived duration of peripheral stimuli when observed passively (Experiment 1) or when a saccade towards it is executed or inhibited
(Experiments 2-4). In a series of four experiments, subjects performed a temporal bisection task categorizing the duration of a black disc
as either short or long. The disc was presented for 20-220 ms at 6° or 12° of eccentricity left or right from fixation on the horizontal
meridian. Eye movements were recorded using an Eyelink 1000 Plus. In Experiment 1, participants were instructed to either maintain
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their gaze on a central fixation cross (control condition) or execute an eye movement towards the disc in a block-wise manner. Block
order was counterbalanced across participants. In Experiments 2 and 3, we employed a go/no-go paradigm and varied the instruction to
either execute an eye movement or maintain fixation on a trial-by-trial basis. The results indicate that perceived duration decreases as
stimulus eccentricity increases, replicating previous studies. Additionally, perceived duration decreased when executing an eye
movement compared to the control condition. Inhibiting the eye movement appeared to amplify this effect. The findings are discussed
in relation to eye movement programming and potential interference effects introduced by the dual-task requirements of the go/no-go
procedure of Experiments 2-3.
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Foveal feedback effects in an offset discrimination task with flanker interference

Roberta Cessal, Martina Morea?, Michael Herzog?, Marco Bertamini!

1University of Padua (IT), 2EPFL (CH)

The foveal feedback hypothesis proposes that during peripheral object recognition there is a representation of the object in the foveal
cortex. This idea challenges traditional views, suggesting the existence of a non-retinotopic feedback mechanism. Behavioral studies
have confirmed that a foveal mask disrupts performance in peripheral object recognition tasks. In this study, we investigated two aspects
of foveal feedback: its role in a visual acuity task and the impact of flankers in the fovea. Participants judged the offset of a Vernier
presented in the right periphery (12 degrees), while a foveal mask was introduced at various stimulus onset asynchronies (SOAs) after
target onset, ranging from 0 to 250 milliseconds. Experiment 1 employed a colored dynamic patch as mask, akin to traditional foveal
feedback paradigms. Experiment 2 simplified the mask to two vertical lines. By doing so, we reduced the complexity of the mask while
maintaining it relevant to the task, as the peripheral presentation of vertical lines alongside the Vernier stimulus induces crowding. Our
study tested two hypotheses: first, if foveal feedback is generalizable to a visual acuity task, higher threshold values should be observed
within the 50-150ms SOA range, where foveal feedback is typically effective. Second, if flankers affect performance, similar threshold
increases should occur regardless of type of foveal mask. The results indicate an increase in thresholds within the 50 to 100 ms SOA
window during a visual acuity task. Notably, this peak is detected with both types of masks. Our findings suggest that foveal feedback
might represent a general aspect of peripheral visual processing. They also highlight an interference similar to that taking place in
crowding from non-overlapping stimuli.
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Colouring words with gaze: A novel approach to enhance reading skills in beginner readers

Koen Rummens?, Sofie Beier?!

ICentre for Visibility Design, Royal Danish Academy (DK)

Beginner readers often place their finger under the text while reading. Such finger-point reading supports directing attention to the
relevant word, and facilitates returning to the appropriate in-text location when losing track. In the current study, we aimed to provide
similar reading support by highlighting the text based on the reader’s eye movements, and tested the effect on children’s reading
performance. Seventy native Danish-speaking children (age 8-9 years) read aloud a four-paragraph story from a computer screen. We
varied the highlighting of words (without versus with) within subjects while measuring eye movements, literal reading comprehension,
and highlighting preference. When children read without highlighting, black words were presented. With highlighting, black words turned
blue once ‘touched’ by the reader’s gaze. Our results revealed shorter reading times with versus without highlighting. In particular,
highlighting compared to no highlighting was associated with fewer regressions and less time spent re-reading. Importantly, text
comprehension did not significantly differ when reading with (84% accuracy) versus without highlighting (90% accuracy). Despite faster
reading with than without highlighting, children strongly preferred reading static black text (61.4%) over text changing colour (26.3%).
Our results suggest that regardless of participants’ preference for the more familiar reading condition, gaze-based highlighting
significantly enhances reading efficiency among beginner readers by reducing re-reading without impairing text comprehension. Our
findings highlight the potential of gaze-based interventions as a valuable tool for supporting the development of reading skills in beginner
readers.
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The relationship between Multiple Object Tracking and cognitive task performance in children and adults

Julia Fécker?, Hauke Meyerhoff?, Elena Nava3

LUniversity of Lincoln (UK), 2University of Erfurt (DE), 3University of Milan-Bicocca (IT)

Attentional control plays an essential role in learning and academic achievement. Here, we aim to understand the developmental
trajectories of the relationship between attentional control, measured with the Multiple Object Tracking (MOT) task, and cognitive sub-
tests of the Wechsler Intelligence test, which measure the ability to reason and solve novel problems, such as puzzle solving, figure
weights, matrix completion and an arithmetic task. One hundred twenty-four adults (M = 22 years, SD = 6.2; range:18-58 years) and 40
children (M = 8 years; SD = 1.6; range: 6-11 years old) performed a Multiple Object tracking task in which they were asked to track visually
indistinguishable objects which initially were marked as targets among distractors. Furthermore, all participants were asked to perform
a matrix reasoning, a visual puzzle, figure weights, and an arithmetic task as part of the Wechsler Intelligence test. Results indicate that
adults with a higher MOT performance show better performance in subtests that require abstract reasoning measured by the Figure
Weights task, puzzle solving, and arithmetic task performance. However, MOT performance did not correlate with a figure completion
task (Matrix Reasoning). Similar as in adults, children with a higher MOT performance also showed a better performance in solving visual
puzzles even when controlling for age. All other subtests did not show any significant correlation with MOT when controlling for age.
These data suggest that multiple object tracking is related to other cognitive tasks, which load on non-verbal reasoning and fluid
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intelligence. The findings substantiate the viewpoint to apply attentional control tasks as cognitive training tools to enhance higher-level
cognition.
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Defining a functional hierarchy of millisecond time: from processing to perception

Valeria Centanino?, Gianfranco Fortunato!, Domenica Bueti?

linternational School for Advanced Studies (SISSA) (IT)

In the human brain, millisecond durations of visual events are processed across different regions, from early visual to parietal and frontal
areas. Previous functional magnetic resonance imaging (fMRI) studies have shown that early visual areas respond to durations via
monotonic tuning, while downstream areas employ unimodal tuning. However, whether and how the properties of unimodal tuning
change along the hierarchy to mediate duration perception is still unknown. In this study, we recorded brain activity at 7T-fMRI while
participants performed a duration discrimination task of visual stimuli. We then modeled BOLD responses using the population receptive
field approach for estimating vertex-wise tuning functions. Results showed that neuronal populations in occipital visual areas maximally
respond to long durations, in line with the presence of monotonic tuning mediating duration encoding. In parietal, premotor and caudal
supplementary motor areas, neuronal populations show selectivity to different durations, covering the entire presented range, and they
are also spatially organized in maps. Both properties are compatible with the read-out of temporal information. In rostral supplementary
motor areas, inferior frontal cortex and anterior insula, neuronal populations selectively respond to the mean of the presented durations.
This selectivity also correlates with behavior, suggesting a subjective representation of temporal information used to solve the task. Our
results also showed the existence of specific dependencies between these kinds of neuronal populations, highlighting three distinct
functional units: occipital areas; intraparietal, insular, and inferior frontal areas; inferior parietal, supplementary motor, and premotor
areas. These results suggest a putative functional hierarchy of visual temporal processing, where different areas may accomplish different
contributions to duration perception. They also shed light on the neural basis of the subjective experience of time, suggesting that it may
be rooted in the fundamental tuning properties of brain responses.

Acknowledgements: This project has received funding from the European Research Council (ERC) under the European Union's Horizon
2020 research and innovation programme grant agreement no. 682117 BIT-ERC-2015-CoG and from the Italian Ministry of University
and Research under the call FARE (project ID: R16X32NALR) and under the call PRIN2017 (project ID: XBJN4F) to Domenica Bueti.
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Paradigm-dependent isolation of perceptual correlates with fMRI

Georgia Milne?, Roni Maimon-Mor?, Hugo Chow-Wing-Bom?, Tessa Dekker!
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Perception is not a direct reflection of physical reality. Instead, it emerges from a combination of sensory inputs, the detectors encoding
them, and cognitive processes. Disentangling these signals in the brain is an important challenge for understanding the mechanisms of
conscious experience. To address this challenge, we combined a two-tone image paradigm with functional magnetic resonance imaging
(fMRI). Two-tones are ambiguous images that become easily recognisable following cueing with the original photo version. Presenting
two-tone images before and after a photo cue therefore elicits distinct perceptual experiences to identical visual inputs, a process known
as perceptual reorganisation. In this way, we can separate the contributions of sensory input and prior knowledge to perceptual
experience. While previous research has used this approach to identify brain areas representing knowledge-driven percepts,
methodological differences resulted in inconsistent findings. To resolve this, we assessed the efficacy of different fMRI paradigms in
isolating neural signals corresponding with perceptual experience across the visual hierarchy. We found that variations in fMRI run design
significantly impact the measurement of the perceptual reorganisation effect. Specifically, multivariate pattern analysis (MVPA) of brain
areas representing perceptual reorganisation was strongly affected by how consecutive image conditions (naive two-tone, photo cue
and cued two-tone) were split within and across runs. This reveals that depending on task design, fMRI can capture different aspects of
the neural signal and their contributions to stimulus-driven versus knowledge-driven representations. Any study investigating how the
perceptual effects of repeated stimulus presentations must therefore consider these dynamics to ensure accurate and consistent
identification of neural representations.
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Adaptation leads to faster reaction times in a face search task

Fang Jiang?, Idris Shareefl, Michael Webster?, Alireza Tavakkoli!

1University of Nevada (US)

Adaptation to faces can strongly bias the perceived characteristics of subsequently seen faces, but has been found to have relatively
weak effects on tasks such as face discrimination. We examined the impact of prior adaptation on the salience of face stimuli, by using a
visual search task. Participants adapted for 12 seconds to grayscale images of Asian faces that slowly morphed between different
identities. To control for low-level aftereffects, the adaptor was shown at the center of the screen and was 1.25x larger than the test
faces, which were arranged in a circle in the periphery. The test array included images of 5 Asian distractor faces and a 6th target face
formed by morphing between a White and Asian face. Target salience was controlled by varying the morph level from 20% to 50% White
in steps of 10%. In a second, 2-AFC discrimination task using 2-down 1-up staircases, we also measured the effect of brief adaptation on
discrimination thresholds for 3 reference faces that contained 100%, 75% and 50% Asian, respectively. Brief 12s adaptation to the Asian
face images induced significant aftereffects, shifting the Asian-White category boundary in the morph toward the Asian direction. This
adaptation also reduced reaction times for detecting the target face in the search task for all of the tested morph levels, but had minimal
effect on discrimination thresholds or search accuracy. Similar effects on visual search and discrimination performance were found after
20 mins of face adaptation in a new group of participants. Across these two adaptation durations tested, our results provide evidence
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that face ethnicity adaptation heightens the salience of target faces that differ along the ethnicity dimension, potentially because the
adaptation renormalizes the adapting ethnicity so that it appears more neutral and therefore less distinctive.
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GramStatTexNet Extended: Evaluating the Relative Importance of Gram Matrix Statistics for Texture Models

Vasha DuTell!, Christian Kovesdil, Anne Harrington?, Mark Hamilton?, Zeyu Yun?, William T Freeman?, Ruth Rosenholtz?

IMIT (US), 2UC Berkeley (US)

Human visual area V1 is often modeled with multi-scale, oriented filters which are combined together via higher brain regions to
represent visual information, including both texture and peripheral visual processing. To determine how these filters should be
combined, manual testing and psychophysical evaluation has been used to evaluate the necessity and sufficiency of various statistics for
representing textures as well as creating mongrels/metamers for peripheral vision. While the human vision science literature has focused
on pre-determined statistical families, deep-learning approaches to texture and peripheral vision instead often utilize the Gram matrices
of a network’s inner layers, evaluating all of the cross-correlation terms for a layer’s nodes. In this work, we combine these approaches
by calculating the Gram matrix directly on the output of a multi-scale pyramid representation, and expand on previous work that used
contrastive learning to evaluate the importance of statistical features. First, we develop a categorization strategy for pyramid gram
statistics, grouping correlations between oriented pyramids while varying color channel, scale, orientation, and pyramid type
(real/imaginary/magnitude). This enables the systematic inclusion and exclusion of families of statistics and comparison to previous work
utilizing non-Gram-based statistics. We combine this categorization strategy with synthesis to evaluate the relative importance of various
statistics families, quantifying this with perceptual similarity metrics. In addition, we use NTXentLoss/InfoNCE to improve results for
contrastive learning that automatically identify the most important statistical families, and use synthesis to validate this.
Acknowledgements: This work was funded by the CSAIL MEnTorEd Opportunities in Research (METEOR) Fellowship, US National Science
Foundation under grant number 1955219, and National Science Foundation Grant BCS-1826757 to Pl Rosenholtz. The authors
acknowledge the MIT SuperCloud and Lincoln Laboratory Supercomputing Center for providing HPC resources that have contributed to
the research results reported within this work.
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Testing Driver Monitoring Systems and Driving Distractions via a Customised Robotics and VR Setup

Jiacheng Liul, Zirui Bail, Shihao Gan?, Yue Lit, Fan Zhang?

1Xi'an Jiaotong-Liverpool University (CN)

Following recent developments in autonomous driving, particularly towards Level 4 (SAE), various driver monitoring systems have been
proposed and developed. These systems are designed to monitor and understand human driving behaviours under complex driving
scenarios, for both technical specifications in autonomous driving and legal requirements. The aim of the current study was to understand
human behaviours in driving tasks under specific distractions. The experiment was conducted using a customised robotics setup, that
included a multisensory driver monitoring system, a driving simulator, and a VR setup with the HTC VIVE. This setup allows us to have
both eye-tracking and hand-tracking, and to collect physiological data such as heartrate and skin-conductance. We developed simulated
scenes and testing conditions, and instructed the participants to perform in three driving modes, namely 1) aggressive-driving, where
participants were instructed to drive as fast as possible, 2) safe-driving, and 3) distracted-driving, where we instruct the participant to
drive safely in safe-driving mode, but provided distractions, such as visual (eye fixation off the driving scene), audio (talking), manual
(hands off the wheel), or cognitive (performing calculation tasks) distractions. Participants found the driving tasks doable and comparable
to the real-world driving. With unsupervised learning methods on the collected data, preliminary results showed that participants
performed and reacted differently in the three test conditions. However, we did not found contributions from heartrate and skin-
conductance in the extracted features of the clustered performances. The work will be continued by 1) further developing the sensors
for sensitivities, 2) modelling human behaviours in our driving tasks. Eventually, the setup and the model could help improve the
performance of the monitoring systems, and be integrated to autonomous vehicles to enhance the explainability and reliability.
Furthermore, such systems will help reducing the public concerns about the safety and contributing to societal acceptances.
Acknowledgements: This work is supported by Xi'an Jiaotong-Liverpool University Research Development Fund (RDF-23-01-072).
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Seeing gender stereotypes: The role of second-order head/facial features

Daniele Zavagno!?, Federico Paulesu?, Rossana Actis-Grosso?!

1University of Milano-Bicocca (IT)

Human faces serve as windows to the intricated realm of social perceptions and interactions. We often rely on stereotypes to quickly
frame people by looking at their faces. Focusing on the gender-science stereotype (GSS), we explored the visual weight of face/head
features in attributing a specific STEM (science, technology, engineering and mathematics) competence, or lack thereof. The aim is to
study basic mechanisms underlying gender stereotypes and the perceptual and cognitive dynamics that come into play when activating
or enhancing GSS. Starting from a female head and a male head, a set of female (Exp.1) and a set of male heads (Exp.2) were created by
modifying second-order features (i.e., beard, make-up, hair colour and length). A scientific and a literary text were associated to the
heads of the two sets; participants’ (N= 90) task was to evaluate the likelihood of the text’s authorship on a 10-point Likert scale based
on the head visualized. Results show a negative effect for blonde hair (“dumb blonde’ effect) for both genders, and for heavy make-up
for females; a positive effect was found for glasses for both genders, and for beard for males. A Linear Mixed Model Analysis was run to
explore the differences between scores for female and male heads. Results show that male heads received significantly higher scores in
Science than female ones (p < 0.001), but scores relating to Literature were statistically equal (p=0.82). Overall, results suggest the
existence of a gender bias. Results and interactions will be discussed in light of the perceptual elements at play to understand the
interplay between cognitive and perceptual factors in activating the GSS.
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Acknowledgements: This research is funded by PRIN 2022 PNRR-P2022ERYEA.
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Different temporal dynamics of perceptual distortion of visual space inside and outside of objects

Akira Sarodo?, Kentaro Yamamoto?, Saki Takao3, Katsumi Watanabe!

1Waseda University (JP), 2Kyushu University (JP), 3University of Tokyo (JP)

Visual objects are known to distort the perception of space. For example, the distance between two dots placed inside an object appears
farther apart (expansion effect), while the distance between dots placed outside an object appears closer together (compression effect).
Although these effects seem to be two polar aspects of the same object-based spatial distortion, the extent to which these two effects
share the common characteristics remains unclear. We investigated the temporal dynamics of the object-based compression and
expansion effects by manipulating the stimulus onset asynchrony (SOA) from the object to the dots. In the experiments, we presented a
rectangular object and the two dots, which were placed either outside or inside the object, with various SOAs. The results showed that,
when the dots were inside the object region, the expansion effect was observed regardless of the SOA. However, the expansion effect
was more pronounced at shorter SOAs. On the other hand, when the dots were outside the object region, the compression effect was
observed when the dots appeared after and simultaneously with the object, whereas the expansion effect was observed when dots
appeared before the object. Control experiments ruled out the possibility that the size of the object or the distance between the dots
was the cause of these different temporal dynamics. These results suggest that different mechanisms underlie the compression and
expansion effects.

239
The detrimental use of redundant motion signals in car direction indicators

Thomas Otto?, Yi Ren?

1University of St Andrews (UK)

Yellow indicator lights flashing on the left or right side of vehicles are crucial signals in road traffic, indicating a change of driving direction.
Moreover, the simultaneous flashing of indicator lights on both sides serves as a warning signal, indicating an emergency. Expanding
upon the traditional flashing signals, advancements in LED technology now allow for the integration of motion patterns into indicator
lights. This addition provides a secondary, redundant signal to indicate a change in driving direction. Usually, the utilization of two
redundant signals is advantageous, as it can expedite perceptual decision-making processes. Yet, the introduction of motion patterns
reduces signal intensity at onset, a crucial factor influencing reaction time speed. To assess the efficacy of redundant motion patterns in
road traffic signalling, we conducted a visual search experiment using sets of 2, 4, or 6 cars. Participants were tasked with detecting
left/right indicator lights and responding with button presses using the corresponding hand. Furthermore, participants were instructed
to respond to warning signals by pressing a foot pedal. We utilized both traditional flashing of indicator lights and added motion
sequences in two versions. These motion sequences were categorized as either on-motion (starting with no light and gradually turning
on) or off-motion (starting with full light and gradually turning off). While error rates demonstrate a marginal benefit in crowded scenes
(6 cars), reaction times exhibit a significant increase across all set sizes for on-motion signals compared to both classical flashing and off-
motion. Regarding emergency indicators, the addition of on-motion signals does not change error rates but does lead to increased
reaction times. Thus, the utilization of on-motion signals in car indicator lights is detrimental. For car manufacturers considering the
addition of motion signals as a gimmick, opting for off-motion sequences would be a superior choice from a signalling perspective.

240
Perception of emotional states based on eye regions in 5- to 10-year-olds and adults

Tomoko Imura?, Yuiko Kanamoril, Yoshiyuki Ueda2, Nobu Shirai3

1Japan Women's University (JP), 2Kyoto University (JP), 3Rikkyo University (JP)

The eye and mouth regions can be important sources of information for identifying emotional states, but how the relative influence of
these regions changes over the course of development is not well understood. In particular, the ability to process facial expressions
holistically and to determine whether a smile is true or not based on eye cues are known to develop gradually during childhood. We
tested the ability to discriminate facial expressions for children aged 5-7 and 8-10 years and adults (N=20 respectively for each age group)
with following face figures: Happiness, Happiness with neutral eyes in which the eye region of happy face was changed to neutral, Neutral
with happy eyes in which the eye region of neutral face was changed to happy, and Neutral. The participants rated the arousal, valence,
and attractiveness of the facial expressions by a visual analogue scale. A total of 24 face stimuli were used, six for each of three males
and three females. If differences in eye regions affect the perception of emotional states, then there should be differences in arousal,
emotional valence, and attractiveness between ‘Happiness and Happiness with neutral eyes’ and ‘Neutral and Neutral with happy eyes.’
The results showed that there were no significant differences in all rating values in either age group for Happiness and Happiness with
neutral eyes, but for Neutral and Neutral with happy eyes, only in adults, Neutral with happy eyes rated higher arousal and lower
emotional valence and attractiveness than Neutral. On the other hand, 5-7- and 8-10-year-olds did not show significant differences in
arousal and emotional valence, but rated Neutral with happy eyes lower in attractiveness than Neutral. These findings suggest that adults
and children differ in discrimination of facial expressions based solely on eye cues.

Acknowledgements: This work was supported by JSPS KAKENHI Grant Numbers JP22H01079 (N.S.), JP23H00076 (N.S.), and JP21H03784
(T.L.).
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The effects of colour desaturation of food images on approach behaviour
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Daniela Ruseva?, Martin Giesel?, Constanze Hesse?

1University of Aberdeen (UK)

The colour of food is a salient visual cue used to determine its freshness and quality. In a previous study, we have found that self-reported
cravings and perceived palatability decrease when the colour of food images is partially or completely (i.e., grey-scaled) desaturated.
Furthermore, the effects of desaturation were larger for perishable than non-perishable foods. Interestingly, while food images have
been found to evoke reliable attentional biases, those biases have been found to disappear when food images are grey-scaled. However,
it is unclear if this is also the case for human behavioural responses, i.e., approach biases. Here, we investigated if and how colour
desaturation (grey-scale vs. natural colour) affects approach responses towards perishable and non-perishable food images. Participants
(N=29) completed a Stimulus Response Compatibility (SRC) task with colour saturation of the images being varied in blocks and
counterbalanced across subjects. Results showed a general approach bias to all food images independent of colour saturation and food
type. Post-hoc analysis, suggested that the order in which participants completed the tasks affected the presence or absence of approach
biases in the grey-scale condition suggesting possible transfer effects between conditions. Consequently, we ran a between-subject study
in which different groups of participants (N=73) completed the SRC task in either the grey-scale or the natural colour condition to
determine if approach biases truly persisted for grey-scaled images. The findings revealed that approach biases remained consistent for
both food types and both natural and grey-scaled images which suggests that attentional and approach biases towards food may be
mediated by different processes.

Symposium 3 - Space matters: Cortical traveling waves and their role in perception and attention

Cortical traveling waves and their measurement

Kirsten Petras', Laura Duguél.2

1Université Paris Cité, CNRS, Integrative Neuroscience and Cognition Center (FR), 2 Institut Universitaire (FR)

Cortical activity measured through various invasive and non-invasive means has been found to produce spatiotemporal patterns in the
form of traveling waves in the sensor arrays. Relating waves observed in, e.g., magneto-/electro-encephalographic (M/EEG) recordings
back to spatiotemporally propagating activity in the cortex requires multiple consecutive, but sometimes interchangeable processing,
analysis and interpretation steps. Over the past decade, various theoretical models along with methods for the detection and
classification of traveling waves have emerged. The current literature, however, still lacks consensus on traveling wave definitions as well
as clear prescriptions of which analysis methods can and should be applied in specific experimental situations. Based on non-invasively
recorded time-resolved data from human participants (concurrent M/EEG in 19 participants), | will illustrate how a traveling wave
induced in visual cortex can be detected and analyzed in an extracortical sensor array and how experimental outcomes can strongly
depend on the chosen analysis. | will demonstrate how WaveSpace, a new modular tool for the simulation, analysis and statistical
evaluation of traveling waves, can be used to facilitate reproducible and common analysis pipelines. Building upon recent theoretical
advancements and weary of potential pitfalls in the interpretation of spatiotemporal patterns observed at a distance form their cortical
origin, WaveSpace implements a range of pipelines for the detection and analysis of traveling waves in a common computational
framework, along with an extensive simulation module. Together, those tools allow researchers to model experimental outcomes in
silico and finetune experimental paradigms and analysis choices before data collection.

Acknowledgements: This project has received funding from the European Research Council (ERC) under the European Union’s Horizon
2020 research and innovation programme (grant agreement No 852139 - Laura Dugué).

Forward and backward traveling waves reflect different cognitive processes during visual attention and working memory

Andrea Alamia?

1Cerco — CNRS (FR)

Alpha-band oscillations have been associated with a plethora of cognitive functions. Several studies demonstrated that visual attention
increases alpha-band power in the hemisphere ipsilateral to the attended location, suggesting their involvement in inhibitory functions.
Conversely, other studies positively relate the phase and the amplitude of alpha oscillations with visual perception. In this presentation,
I will highlight the importance of considering the spatial component of oscillations (i.e., traveling waves) and their direction of
propagation when disentangling their functional roles. In the first study, | will present EEG recordings of participants performing a covert
visual attention task. Our results reveal two distinct processes: allocating attention to one hemifield increases top-down alpha-band
waves propagating from frontal to occipital regions ipsilateral to the attended location, both with and without visual stimulation. Yet,
different alpha-band waves propagate from occipital to the frontal areas and contralateral to the attended location, but only during
visual stimulation, suggesting a separate mechanism related to visual processing. In a second study, we reanalyzed two open-access EEG
datasets where participants performed lateralized delayed match-to-sample working memory tasks with different distractor loads and
set sizes. Our results reveal an increase in alpha-band forward waves with a larger distractor load in the hemisphere contralateral to the
distractors, and an increase in forward and a decrease in backward waves with larger set size and contralateral to the target location.
Such a dissociation suggests the co-existence of bottom-up and top-down inhibitory processes: alpha-band forward waves might convey
a secondary gating effect driven by distractor load, while backward waves may represent direct top-down gain control of downstream
visual areas. Together, our results show that the propagation directions of oscillations characterize distinct processes in visual attention
and working memory functions, demonstrating the importance of considering oscillations as traveling waves when characterizing their
functional role.

Acknowledgements: European Research Council (ERC) - grant agreement no. 101075930.

What can oscillation phase tell us about traveling waves - perspective from MEG

Satu Palvat?
1University of Helsinki (Fl)
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Inter-areal phase-coupling of neuronal oscillations — phase synchronization — has been established to mediate neuronal communication
between brain areas. In humans, phase synchronization of neuronal oscillations is quantified as statistically significant relative phase
differences between oscillations in distant brain areas. Such phase-synchronization has been considered one of the most plausible
candidate mechanisms for forming dynamic links among brain regions and thus for large-scale integration of the information. In recent
years, the propagation of oscillations as traveling waves with systematic phase delays between brain regions has been considered as an
alternative mechanism to synchronization Here, traveling waves are described as a gradient of phases throughout the sensory system. |
will discuss the identification of inter-areal synchronization vs. traveling waves from human source reconstructed MEG data and what
can we infer from oscillation phase differences and oscillations gradients across cortical areas. Our research shows that gradient of phases
can also be created by distant oscillatory sources without propagating activity. In contrast, we propose a new approach for identification
of traveling waves based on a novel phase-autocorrelation function. | will discuss findings in relationship with visual attention and
perception.

Mapping neural mechanisms of travelling waves using MEG

Alexander Zhigalov?, Ole Jensen?

1Aston University (UK), 2University of Birmingham (UK)

Growing evidence suggests that travelling waves are functionally relevant for cognitive operations in the brain. Several
electroencephalography (EEG) studies report on a perceptual alpha-echo, representing the brain response to a random visual flicker,
propagating as a travelling wave across the cortical surface. In our recent study, we ask if the propagating activity of the alpha-echo is
best explained by a set of discrete sources mixing at the sensor level rather than a cortical travelling wave. To this end, we presented
participants with gratings modulated by random noise and simultaneously acquired the ongoing MEG. We found that the propagation
of the alpha-echoes was predominantly centro-lateral, while EEG studies reported mainly posterior-frontal propagation. Moreover, the
propagation speed of the alpha-echoes derived from the MEG data was around 10 m/s, which is higher compared to the 2 m/s reported
in EEG studies. Using source modelling, we found an early component in the primary visual cortex and a phase-lagged late component
in the parietal cortex, which may underlie the travelling alpha-echoes at the sensor level. We then simulated the alpha-echoes using
realistic EEG and MEG forward models by placing two sources in the parietal and occipital cortices in accordance with our empirical
findings. The two-source model could account for both the direction and speed of the observed alpha-echoes in the EEG and MEG data.
Our results demonstrate that the propagation of the perceptual echoes observed in EEG and MEG data can be explained by two sources
mixing at the scalp level equally well as by a cortical travelling wave.

How travelling waves in the visual cortex participate in processing visual motion.

Frederic Chavane!

1CNRS & Aix-Marseille Univ (FR)

Since the pioneering work of the Hubel and Wiesel, the visual system is mostly conceived as a feed-forward hierarchical flow of sensory
information. Accordingly, low-level visual information (such as position and orientation) is extracted locally within stationary receptive
fields and is rapidly cascaded to downstream areas to encode more complex features. Such a framework implies that processing at each
level of the visual system must be fast, efficient and mostly confined to network of neurons with overlapping receptive fields. In recent
work, however, we have demonstrated that any local stationary stimulus is, in itself, generating waves propagating within the early
cortical steps of visual processing. Visual information thus does not stay confined to a particular retinotopic location but instead invades
a large cortical territory, connecting neurons with neighboring receptive fields. What could be the computational advantage of cortical
waves in the processing visual information? | will show that, in response to a temporal sequence of stimuli presented in different spatial
positions along a trajectory, a long-range apparent motion stimulus, these waves collide and interact non-linearly. This non-linear
interaction results in shaping the cortical representation of the apparent motion to encode motion signal within cortical retinotopic
maps. | will propose that propagation of intra-cortical wave can subtend generic computations by which the visual system keep track of
moving object but also generates predictions.

Acknowledgements: This project has received funding from the European Union’s Horizon 2020 under the Marie Sktodowska-Curie grant
agreement N° 956669 and the French ANR agency for the projects Horizontal V1 and Shooting star.

Talk Session 5 - Perception & Action

Perception-Action Dissociations in the Garner Paradigm: Evaluating Evidence From Manual Size Estimation

Kriti Bhatia®, Angela Osenberg?, Markus Janczyk?, Volker H. Franz!

1University of Tuebingen (DE), 2University of Bremen (DE)

Certain stimulus dimensions like the length and width of a rectangle are considered integral in nature and cannot be processed
separately. For example, when length and width both vary (filtering condition), participants are slower to classify rectangles along one
dimension (e.g., width), as compared to a condition in which only one dimension varies while the other is held constant (baseline
condition). This slower performance in the filtering condition is called Garner interference (Filtering — Baseline). An influential study
reported for three-dimensional rectangular stimuli (cuboids) that Garner interference occurred in a traditional speeded-classification
task and in manual size estimation (where participants indicated the width of the cuboids with their fingers), but not in visually-guided
grasping (where participants grasped the cuboids along their width). This dissociation was taken as strong evidence for the Perception-
Action Model, which suggests that visual information is processed in a fundamentally different way for perception (like speeded-
classification and manual estimation) than for actions (like grasping); with vision-for-perception being attributed to the ventral cortical
stream and vision-for-action to the dorsal stream. However, across four experiments including replications (total N = 110) and a meta-
analysis of all existing studies, we found only small Garner interference in manual estimation. Instead, manual estimation behaved quite
similar to grasping. Our experiments included systematic manipulations which were hypothesized to affect Garner interference, like
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response amplitude and the availability of online visual feedback during the task (closed-loop vs. open-loop). However, none of these
modifications introduced Garner interference in manual estimation to a level comparable to that of the traditional speeded-classification
task. Our investigation suggests that Garner effects in grasping and manual estimation might be more similar than previously assumed
and might not provide sufficient evidence for processing differences in perception and action as assumed by the Perception-Action
Model.

Acknowledgements: This project is funded by the Deutsche Forschungsgemeinschaft (DFG, German Research Foundation) — 381713393
(Research Unit 2718: Modal and Amodal Cognition). VF is member of the Machine Learning Cluster of Excellence, EXC number 2064/1 —
Project number 390727645.

Scene gist: the rapid acquisition of information for grasping

Kimberley Stanford?, Simon Rushton?, Eli Brenner?

1Cardiff University (UK), 2Vrije Universiteit Amsterdam (NL)

If judging whether an object is graspable is a fundamental ability, as the idea of the perception of action affordances proposes, one might
expect people to be able to make such judgments even when the object is viewed very briefly. That some judgments can be made after
very brief exposure has been demonstrated for scene gist and face perception. We question whether action affordances are perceived
similarly fast. We investigated how presentation duration influenced participants’ ability to judge graspability of spheres. Participants
(N=15) were asked whether a sphere, presented within reach on a tabletop, was graspable (could be picked up cleanly with one hand).
Viewing durations were either 2000ms (considered equivalent to unlimited viewing), 150ms or 15ms. Participants made precise grasping
judgements across all viewing durations. This could suggest that participants perceived grasping affordances remarkably quickly.
However, the presence of lingering afterimages, or the use of simple correlates of sphere size (retinal size and the height of the sphere
in the visual field) could also explain these results. To control for this, we conducted two follow-up experiments. One disrupted the
relationship between the size of the sphere and its retinal size and height. The other experiment replicated this, while adding a visual
mask to remove lingering visual persistence. Disrupting retinal size and height did not reduce precision. However, with the addition of a
visual mask, some participants showed reduced precision on grasping judgements at 15ms compared to 2000ms viewing durations.
Interestingly, despite an overall decline in precision at shorter viewing times, some participants still managed to make precise judgements
with only 15ms of visual information. These findings suggest that humans can pick up information for the visual guidance of action very
rapidly, comparable to that required to judge the form of a scene or faces.

Acknowledgements: Cardiff University School of Psychology; ESRC grant (ES/S015272/1).

Visually guided grasping survives large bilateral lesions of the occipitotemporal cortex: Behavioural and neuroimaging evidence

Ana Torres Cresto!, Marine Keimel, Cassandra Sampaio-Baptistal, Alessandro Vinciarellil, Melvyn A. Goodale?, Jody C. Culham?, Monika
Harvey!

1University of Glasgow (UK), 2University of Western Ontario (CA)

Neuropsychological studies have described patients with spared grasping despite profound deficits in visual recognition with visual
agnosia; however, one critique has been the scant number of cases. Here we investigate whether grasping is preserved even in a much
more dramatic loss of visual processing in patient MC, who has large bilateral lesions encompassing most of the occipital lobes and much
of the visual ventral stream. Despite such extensive lesions, MC demonstrates some spared visual function, particularly for motion
(Riddoch phenomenon). We assessed MC on behavioural grasping and estimation tasks, a T1-(w)eighted anatomical scan (compared to
one taken 15 years previously), and previously collected fMRI data comparing visually guided grasping and reaching. For the behavioural
tasks, we manipulated the size and orientation (0 or 90 degrees) of 5 Efron shapes. During the estimation task, MC had to demonstrate
(with the opening of her thumb and index finger) the width of the Efrons placed in front of her and could not do so. When asked to grasp
and lift the Efron blocks, she showed clear grip scaling and incorporated the different sizes and orientations in her target approach. Visual
inspection of the anatomical scan showed no deterioration or cortical atrophy over 15 years, despite the course of aging, not to mention
the severe reduction in sensory input. Moreover, MC’s spared grasping abilities were reflected in fMRI, where she showed grasp-selective
activation in the left anterior intraparietal sulcus. These findings show that grasping abilities can be preserved even in the face of strikingly
large lesions to early visual and ventral-stream areas. Grasp-relevant visual information is likely provided via subcortical routes to the
dorsal stream that bypass the geniculo-striate pathway. We are currently analysing the T1(w) data for subtle volumetric alterations and
new DTI data to further elucidate potential pathways that underpin her behaviour.

A new model of perceived weight: The size-weight illusion and beyond

Veronica Pisu?, Erich Graf!, Wendy Adams?

1University of Southampton (UK)

In the size-weight illusion, the smaller of two same-weight, same apparent material objects is perceived as heavier. This illusion has
proved difficult to explain via traditional Bayesian models; these predict the opposite: a smaller = lighter expectation should be integrated
with felt weight, such that the smaller object is perceptually lighter. Other authors have proposed that weight and density are
perceptually confounded, or that Bayesian models incorporating efficient coding can predict the size-weight illusion via ‘likelihood
repulsion’. However, these models have only been evaluated under narrow conditions: generally, equal weight objects. We present
psychophysical data, alongside a general model of perceived weight, for pairs of objects that differ in weight and / or density (and / or
size) by varying amounts. In a visuo-haptic task, participants (N = 30) grasped and lifted pairs of cube stimuli, and reported their perceived
heaviness. We report that the size-weight illusion occurs even with very small density differences, repudiating the idea that the illusion
requires a significant conflict between expected and felt weight. Across all object pairs, perceived weight of a target object was well
explained by a model (R? = .98) that includes a positive influence of the target and non-target weights and the target density, but a
negative influence of the non-target density. Critically, the influence of both densities on perceived weight was strongly modulated by
weight difference, being three times as large for zero / small weight differences than large ones. Thus, it is only under the unusual
conditions of typical size-weight illusion studies that weight and density are confused / confounded to a substantial extent. Existing
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models are inconsistent with our more comprehensive dataset. Our model provides a quantitative, accurate and generalised account of
weight perception for pairs of objects across a variety of weight and size conditions.

Acknowledgements: This research has received funding from the European Union’s Horizon 2020 research and innovation programme
under grant agreement No 765121 ‘DyViTo'.

Is Visuo-Haptic Mental Imagery Related to the Strength of the Size-Weight lllusion?

Guido Maiello?, Veronica Pisul, Fabrizio Leporil, Carmen Surariu?, Chloe Lam?, Paul Conway!

1University of Southampton (UK)

Mental imagery, the ability to imagine perceptual experiences without sensory input, putatively relies on emulation/prediction processes
shared with sensory perception. In the size-weight illusion, expectations about how heavy objects of different sizes should feel give rise
to highly consistent biases where smaller objects are perceived as heavier than larger ones of equal mass. Might this perceptual illusion
also rely on mental simulation processes? To answer this, we developed a Haptic Imagery Questionnaire (HIQ) asking how vividly one
can visually and kinaesthetically imagine performing different hand actions. We then administered the HIQ, alongside the established
Vividness of Visual Imagery Questionnaire (VVIQ) to 130 participants. The same participants performed a size-weight illusion task where
they reported the felt weight of two cubes of equal weight (125 g) but different sizes (125 vs 500 cm?) under different conditions where
they could only see (visual-cue), only feel (haptic-cue), or both see and feel (full-cue) object size. The HIQ exhibited good reliability
(a=.83), correlated with VVIQ scores (r=.50, p<.001), and revealed that participants had more vivid visual than kinaesthetic imagery
(p<.001). As expected, we replicated the size-weight illusion: small objects felt heavier than large objects of the same mass (p<.001). We
also confirmed that the illusion is primarily driven by haptic size cues, as the illusion was weaker in the visual-cue condition compared to
both full-cue (p<.001) and haptic-cue conditions (p<.01), which instead did not differ (p=.101). lllusion strength was correlated across
visual and haptic conditions (r=.42, p<.001), indicating reliable individual differences which had an anthropometric correlate: taller
participants experienced a weaker illusion (r=-.29, p<.001). However, we found no association between illusion strength and either visual
(r=.02, p=.808) or kinaesthetic (r=.11, p=.206) imagery, revealing how the illusion is more closely related to low-level sensory mechanisms
constrained by our physicality rather than higher-level perceptual simulation processes.

Postural demands influence head contributions during visual tracking

Petros Georgiadis?, Katja Fiehler?, Vassilia Hatzitaki?, Dimitrios Voudouris!

Lustus Liebig University Giessen (DE), 2Aristotle University of Thessaloniki (GR)

Humans use vision to perform various everyday tasks. From looking for the next foothold during walking to visually tracking a flying bird,
gaze shifts can be performed either by isolated eye movements or by combined eye-head movements. Even when isolated eye
movements allow gaze shifts of the desired amplitude, humans still engage their heads. Such head movements can provide additional
sensory signals that can be integrated with retinal input and improve gaze estimates. However, head movements can also create
mechanical torques that could disturb balance and suppress vestibular processing, both of which could challenge the retention of upright
stance. We are here interested in characterizing how humans coordinate their head and eye movement systems when visually tracking
a moving object under conditions of different postural demands. Participants tracked a visual stimulus that moved along a sinusoidal
horizontal path of different amplitudes (visual angle of 15°, 42°, 95°) and we expected larger head rotations with larger path amplitudes.
To examine how postural demands influence the head’s engagement, participants performed the task while sitting, standing, and
standing on a piece of foam. As expected, participants rotated their heads more as a function of the path’s amplitude. They also moved
their head more when standing in more demanding postures, and this was also reflected in a positive correlation between the amplitude
of head motion and the center of pressure path. More demanding postures also induced a greater head and trunk coupling. Thus,
engaging the head for gaze shifts not only allows larger gaze excursions but also reflects the postural demands of the task at hand,
suggesting that humans trade off postural stability to allow greater head engagement facilitating the execution of the visual task.
Acknowledgements: This work is supported by the German Research Foundation under grant agreement VO 2542/1-1.

Symposium 4 - Congenital achromatopsia as a model testing vision development and plasticity

Achromatopsia - limits of visual cortex plasticity in the absence of functional cones

Michael Hoffmann?, Barbara Molz7, Anne Herbik?, Heidi Baseler’, Peter de Best®, Noa Raz®, Andre Gouws’, Khazar Ahmadi!, Rebecca
Lowndes’, Rebecca McLean?, Irene Gottlob?, Susanne Kohl3, Lars Choritz?, John Maguire*, Martin Kanowskil, Barbara Kdsmann-Kellner>s,
llse Wieland, Eyal Banin®, Netta Levine®, Antony Morland’

IMagdeburg University (DE), 2Leicester University (UK), 3Tiibingen University (DE), *Bradford University (UK), >Saarland University (DE),

6Hadassah Medical Center (IL), York University (CA)
Background. Complete achromatopsia is a rare inherited disorder where retinal cone photoreceptors are congenitally non-functional

and vision is exclusively driven by rod-input. As a consequence, due to the absence of rods in the fovea, the visual cortex does not receive
visual input to its sizable foveal representation. This life-long deprivation of the visual cortex from foveal visual input, prompts the
fundamental question, whether the cortical representation of the central visual field in achromatopsia is remapped to take up processing
of paracentral inputs. Such remapping of the visual cortex would be of great relevance for potential clinical interventions, as it might
interfere e.g., with gene therapeutic treatments currently tested for restoring cone function in human achromatopsia. Methods: In a
multi-center 3 T fMRI study, we addressed this question by comparing a cohort of individuals with autosomal recessive achromatopsia
with confirmed CNGA3 or CNGB3 mutations (n=17) with controls (n=19). Two independent mapping approaches were applied to separate
data sets, i.e., conventional phase-encoded eccentricity and population receptive field (pRF)-mapping. Results: Both approaches
produced the same result in the comparison of achromatopsia vs controls: Remapping of the representation of the central visual field in
the primary visual cortex was not apparent at the group level. Conclusion: Remapping of the primary visual cortex does not appear to be
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a general group feature of achromatopsia. It is concluded that plasticity of the human primary visual cortex is less pronounced than
previously assumed.

Acknowledgements: Supported by European Union’s Horizon 2020 research and innovation program under the Marie Sklodowska-Curie
grant agreement (No. 641805) and the German Research Foundation (DFG, HO 2002/12-1; 618139).

Structural differences in adult visual cortex following development without functional cone input

Heidi Baseler!, Barbara Molz7, Rebecca Lowndes?, Anne Herbik?, Lucy Warriner!, Pieter de Best8, Richard Vernon!, Noa Raz8, Andre'
Gouws!, Khazar Ahmadi2, Rebecca McLean3, Irene Gottlob3, Susanne Kohl4, Lars Choritz2, John Maguire®, Martin Kanowski2, Barbara
Kasmann-Kellner?, llse Wieland?, Eyal Banin8, Netta Levin8, Michael Hoffmann2, Antony Morland?!

lUniversity of York (UK), 20tto-von-Guericke University (DE), 3University of Leicester (UK), *University Clinics Tlbingen (DE), >Saarland
University Hospital (DE), ®University of Bradford (UK), 7Max Planck Institute for Psycholinguistics (DE), 8Hadassah Medical Center (IL)
Congenital achromatopsia (ACHM) is a rare inherited visual condition that renders retinal cone photoreceptors non-functional from birth.
As the central fovea is occupied solely by cones, affected individuals have a small central blind spot and an absence of inputs to
corresponding representations in visual cortex. In addition, chromatic signals to the brain are absent due to the role of cones in colour
perception. Although recent clinical trials using gene replacement therapy show promise in restoring cone function in the eye, success
may depend on maintaining normal structure and function in downstream visual pathways. To assess whether ACHM leads to
developmental structural differences in the brain, we collected T1-weighted MRI scans in 15 individuals with ACHM and 42 controls.
Surface-based morphometry was used to measure cortical thickness, surface area and volume in atlas-defined visual areas throughout
the occipital lobes. Reduced grey matter volume in V1, V2, V3, and V4 was found in ACHM compared to controls, driven by reduced
cortical surface area in these areas. Surface area was also significantly reduced in areas TO1 and LO1. Cortical thickness was comparable
between ACHM and controls when averaged across entire visual areas. However, the region within V1 receiving the most central inputs
(0-4deg) was significantly thicker in ACHM vs. controls. These changes were analogous to reports of increased thickness throughout V1
in congenitally blind individuals, suggesting similar developmental processes irrespective of the underlying cause of vision loss. Changes
in early visual areas with large central representations (V1/V2/V3) suggests the lack of foveal input to the visual cortex was a major
driving factor in structural differences in ACHM. However, the significant reduction in ventral area V4 coupled with no difference in dorsal
areas V3a/V3b suggest that deprivation of chromatic signals to visual cortex in ACHM may also contribute to changes in cortical
morphology.

Acknowledgements: NextGenVis, funded by a European Commission Innovative Training Network grant.

Approaches and challenges to measuring cone-specific responses in clinical populations

Geoffrey Aguirre!
1University of Pennsylvania (US)

The human retina contains five photoreceptor classes: the L, M, and S-cones, rods, and the melanopsin-containing retinal ganglion cells.
The spectral sensitivities of these cells overlap extensively, and are further influenced by structural variation within the eye across
eccentricity, and by variation between individuals in genetics and pre-receptoral filtering. Many experiments seek to selectively target
these photoreceptor classes alone and in combination, using manipulations of background light level, spatial and temporal modulation
frequency, and spectral content. These approaches have been used in the study of inherited retinal disease generally, and in congenital
achromatopsia in particular, to both characterize baseline deficits and test for the effects of treatment. | will describe efforts in my lab
and as pursued by others to measure physiologic and neural responses that are specific to different photoreceptor classes. In particular,
| will describe the design and application of “silent substitution” stimuli that attempt to isolate stimulation to particular photoreceptors.
Using these techniques, we have measured the selective contribution of cone and melanopsin signals in perception, pupil response, and
fMRI activity, and have done so in people with normal trichromatic vision, in dichromats (deuteranopes and normal dogs), and in retinal
disease. While powerful, however, there are inevitable imperfections in the targeting provided by this approach. | will provide a rogues’
gallery of failures of silent substitution, including due to device imprecision, incomplete rod saturation, spectral filtering properties of
the pre-receptoral structures of the eye, and the effect of transverse chromatic aberration. Finally, | will discuss techniques that may be
used to measure and mitigate these inevitable imperfections of a powerful experimental approach.

Acknowledgements: US-Israel Binational Science Foundation.

Cone-mediated visual function after gene therapy in achromatopsia

Tessa Dekker?, Roni Maimon-Morl, Mahtab Farahbakhsh?, Elaine Anderson?, Nicholas Hedger?, Tomas Knapen3, Sam Schwarzkopf4, Andy
Rider?, Geraint Rees?, Michel Michaelides?!

LUniversity College London (UK), 2University of Reading (UK), 3University of Amsterdam (NL), *University of Auckland (NZ)
Achromatopsia is a congenital condition that causes cone photoreceptor dysfunction, relegating vision to rod photoreceptors. This results
in low acuity, complete colour blindness, photophobia, nystagmus, and lack of light sensitivity in the foveal rod-free retina. Gene
therapies offer promise for treating achromatopsia, with successful cone rescue in animals showing greater functional benefits for earlier
treatment. This age effect highlights the importance of considering critical periods for cone rescue. In research alongside pioneering gene
therapy trials in 6 to 16-year-old children with achromatopsia, we investigated the potential for gene therapy to reactivate dormant
cone-mediated pathways in young patients. We first characterised cortical adaptations to life-long rod only vision, to identify potential
neuroplasticity hurdles for therapy. We found that in children with achromatopsia, the mapping of retinal signals onto cortical input
regions (V1) stays remarkably stable compared to the normal sighted rod system, concordant with recent findings in adults by others.
However, we additionally found evidence for a new type of plasticity, manifested as reorganised read-out of cortical inputs (V1) by
higher-order cortex regions (V3), in a pattern that could compensate for the lower resolution of a rod-only system and its lack of high-
density foveal input. These dynamics could reflect a broader principle of optimising available input while keeping sensory-to-cortex
connections stable. To evaluate the effect of cone restorative gene therapy on this system, we selectively stimulated the cone
photoreceptors in the eye, and measured signal transmission to visual cortex. We found new cone-mediated retinotopic maps emerge
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after gene therapy in a subset of patients. These brain changes were paired with significant improvements in cone vision, selective to
the treated eye, providing strong converging evidence for novel cone function. The functional characteristics provide novel insights into
which cone signals are rescued and how these are integrated into the brain’s existing functions.

Acknowledgements: The research was supported by grants from the National Institute for Health Research (NIHR) Biomedical Research
Centre (BRC) at Moorfields Eye Hospital NHS Foundation Trust and UCL Institute of Ophthalmology, the Economic and Social Research
Council (ESRC) of the UKRI (#ES/N000838/1); MeiraGTx, Retina UK, Moorfields Eye Charity (R160035A, R190029A, R180004A),
Foundation Fighting Blindness (USA) and The Wellcome Trust (099173/Z/12/Z, 100227), Ardalan Family Scholarship, the Persia
Educational Foundation Maryam Mirzakhani Scholarship; and the Sir Richard Stapley Educational Trust (#313812). The views expressed
are those of the authors and not necessarily those of the NHS, the NIHR, or the Department of Health.

Following gene augmentation therapy: cone-mediated vision and its limits after a lifetime of rod monochromacy

Ayelet Mckyton?, Eyal Baninl, Netta Levin

1Hadassah Medical Center (IL)

Complete CNGA/B3 achromatopsia is a congenital hereditary disease characterized by cone dysfunction, resulting in exclusively rod-
driven vision even under light conditions. Consequently, affected individuals exhibit lifelong symptoms including low visual acuity and
complete color blindness. At our center, recent treatment approaches have focused on gene augmentation therapy, administered
unilaterally to three adult patients and one child, with the aim of potentially reactivating dormant cones. A key question remains: can
the adult brain adapt to process the new cone input? Our investigations have covered various aspects of visual function in these patients,
employing both behavioral assessments and imaging techniques. Using MRI, we demonstrated that prior to treatment, patients exhibited
abnormally increased population receptive field (pRF) sizes within early visual areas, along with diminished fiber integrity along occipito-
callosal pathways. Following treatment, improvements in both parameters were observed, although they did not reach levels seen in
normally sighted populations. Behaviorally, patients reported subtle visual alterations after treatment, with no or slight improvements
in visual acuity. Notably, specialized color perception tests revealed faint red perception in the treated eye. Additionally, assessments of
temporal vision indicated increased sensitivity to higher frequencies in the treated eye compared to the untreated eye, albeit not to the
extent found under unharmed cone processing. Encouragingly, greater behavioral improvements were observed in the child than in
adults. To summarize, results from our treated achromatopsia cohort mirror observations from newly sighted individuals. The modest
improvements seen upon introduction of new visual signals in adulthood are thought to reflect the closure of visual critical periods during
childhood. Our results underscore persistent visual challenges following vision restoration, even in cases where vision developed under
unaffected rod input. Importantly, our study highlights the utility of investigating this rare cohort in exposing critical periods for specific
visual attributes such as temporal and color perception.

Acknowledgements: This research was supported by a grant from the United States-Israel Binational Science foundation (BSF #2021289)
and the Israel Science Foundation (ISF #2389/22), Jerusalem, Israel.

Spotlight in Vision Lecture

Modelling Vision in the Face of Large Language Models

Tim Kietzmann*

lUniversity of Osnabriick (DE)

Artificial neural networks (ANNs) have emerged as the central tool responsible for recent Al breakthroughs. As the foundations of ANNs
lie in the connectionist movement, cognitive computational neuroscience was quick to recognise their promise to act as “Goldilocks”
models of brain function, striking the balance between biological realism and algorithmic clarity. Indeed, ANNs can be grounded in
sensory data, can be trained to perform complex tasks in a distributed fashion, are fully accessible to the experimenter, and can be
mapped to brain function across various levels of explanation. Especially in vision, this has led to a fruitful research cycle in which
biological aspects are integrated into network design, and the corresponding networks are then tested for their ability to predict neural
and behavioural data. What emerged is a cohesive large-scale research programme, termed neuroconnectionism, which is centred
around ANNs as a computational language for expressing falsifiable theories about brain computation. In this talk, | will describe a recent
case study of neuroconnectionism in which we asked whether large language models (LLMs), i.e. ANNs trained on large text corpora, can
provide a good representational format for modelling human visual responses to natural scenes. While perhaps counterintuitive to model
visual processing via models trained purely on language, we demonstrate that visual representations in the human brain are indeed
aligned with LLM representations. By running tightly controlled model comparisons, we demonstrate that recurrent neural networks,
trained to map from pixels to semantic LLM embedding, provide the current best account of a large-scale, 7T fMRI dataset (NSD),
outperforming other supervised as well as unsupervised ANN models. These findings point towards the view that vision may not be
optimised for visual categorisation alone, but instead maps from retinal input into a high-dimensional semantic format that can be
captured by contextual learning in language.

Poster Session 4

242
Depth reversals in Patrick Hughes’ Reverspectives: a flippin’ problem

Brian Rogers?, Patrick Hughes?, Thomas Papathomas?
1University of Oxford (UK), 2Reverspective Ltd. (UK), 3Rutgers University (US)
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Background: Patrick Hughes’ Reverspectives have provided us a valuable tool for investigating the relative contributions of binocular
disparities, perspective and motion parallax in 3-D vision. Approaching a Reverspective from a distance, perception is dominated by the
receding perspective information on the flanks of the truncated pyramids until (at ~100 cm) the percept “flips” (Richard Gregory) to that
of the actual protruding structure. Aims: The present study was designed to investigate the factors that affect the flipping distance:
angular size, disparities, viewing distance and presence/absence of motion parallax. Methods: Virtual versions of Patrick Hughes’
Reverspectives were displayed at two different distances (130cm & 318cm) and two different angular sizes (49°x18° & 24.5°x9°).
Disparities were varied from crossed (protruding structure), to flat, to uncrossed (receding structure). The amplitude of motion parallax
was varied to simulate viewing from either a distant or a close 3-D structure. In separate trials, observers viewed either a stationary
virtual Reverspective or a dynamic virtual Reverspective using the motion parallax created by the observer’s side-to-side head
movements. Results: Increasing the size of the crossed disparities increased the likelihood of perceiving the 3-D structures as protruding
but only in the stationary viewing condition. With motion parallax provided by head movements, observers overwhelmingly perceived
the “reversed” depth structure that was consistent with the perspective information provided by the “flanks” of the virtual Reverspective.
Angular size and distance mattered but only because the disparities of a scaled-down Reverspective (same depth-to-width ratio)
decreased in proportion to size. Conclusions: flipping distance is primarily determined by the relative strength of the perspective
information and the magnitude of the disparities (rather than distance per se). More importantly, the results reveal that there is close
synergy between perspective and motion parallax (motion perspective) that is capable of overruling the binocular disparities.

243
Investigation of the Interplay Between Natural and Learned Priors in Autistic and Non-Autistic Individuals

Laurina Faziolil, Bat-Sheva Hadad?, Amit Yashar!

1University of Haifa (IL)

Background: Autism is a neurodevelopmental condition that affects various cognitive and behavioral functions, including social
interaction, communication, and sensory processing. It has recently been suggested that sensory processing in autistic individuals
depends less on perceptual prior knowledge and expectations, and more on immediate sensory information. However, prior knowledge
can be classified into pre-existing (natural) priors — expectations established before receiving task-relevant information — and learned
priors — expectations induced by a task. Nevertheless, the interplay between natural and learned priors, that can inform how perception
is adjusted to incorporate new learned information, has not been thoroughly studied, especially in the context of perception in autism.
Objectives: We aimed to explore whether and how natural and experimental priors interact in non-autistic and autistic individuals.
Method: Autistic (n=15) and non-autistic (n=15) individuals performed a 2IFC orientation discrimination task. Participants were
sequentially presented with two Gabors (Spatial frequency = 3°) stimuli at the center of the screen and were asked to report the Gabor
with the most clockwise orientation. We tested performance around threshold level over a range of orientations (25°-65°). Stimuli were
drawn from a uniform distribution. We assessed priors’ effect by measuring performance bias. To assess natural priors, we measured
bias toward the cardinal orientations. To assess learned priors, we tested bias toward the mean of the presented range of orientations
(45°). Results and conclusions: The autistic and non-autistic groups showed a bias toward the cardinal orientations, except for
orientations around the mean, where they showed a bias toward the mean of the overall presented orientations. The interaction
between the two types of priors showed a stronger bias of perceptual judgments by a natural priors in both groups. These findings show
that contrary to prevailing views, autistic individuals integrate either natural or learned priors in a manner similar to non-autistic
individuals.

Acknowledgements: This work was supported by The Israel Science Foundation Grant Nos. 1980/18 (to A.Y) and Grant Nos. 882/19 (to
BS.H).
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Journey towards restoration: Does statistical stability in a train of natural scenes benefit cognition?

Shoaib Nabil, Monica Pantiru?, Sophie Forster?, John Maule!

1University of Sussex (UK)

There is empirical evidence that exposure to natural scenes, even when presented as images on a screen, can provide benefits on certain
cognitive tasks. Although several theoretical frameworks have been proposed for understanding this phenomenon, few have directly
attempted to investigate the visual mechanisms underlying such benefits. A perceptual fluency account is one candidate, which would
explain benefits as being derived from nature because of the ease with which those images are processed by the brain. Corbett and
Melcher showed that the visual statistical stability of the array of search stimuli supports efficient visual search, even when the statistic
is not relevant to the task at hand (i.e. stability in mean size supports search for orientation singletons). We investigated whether this
effect of statistical stability would extend to images, as a potential mechanism underlying the cognitive benefits of viewing natural scenes.
We presented observers with trains of images from the Salford Nature Environments Database, in blocks during which the presentation
order of images was controlled in terms of the slope of the Fourier power spectrum (“spectral-slope”) — an image statistic associated
with naturalness and aesthetic preference. In stable blocks, images were presented in order of their spectral slope (i.e.
ascending/descending) such that the change in that image statistic from one image to the next was minimal. In unstable blocks, the
image order was random with respect to spectral slope. Interleaved within each block of 288 images were 96 trials of a flanker task
measuring executive attention, which has previously been shown to be affected by exposure to nature. Preliminary analysis suggests
that, contrary to our hypothesis, the presence of statistical stability, in terms of spectral slope, does not support enhancement in
executive attention. We discuss the possible role of image statistics in understanding the mechanisms of attention restoration from
nature.

Acknowledgements: Funded by the School of Psychology, University of Sussex.
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An adaptable spatial metric is sensitive to adaptor orientation

Kristian Skoczek?, Paul McGraw?, Neil Roach?, Alan Johnston?

1University of Nottingham (UK)

Adapting to a dynamic texture pattern comprising drifting Gabors or flickering dots can induce compression in the perceived separation
of subsequently presented stimuli. Here we report an unexpected directional dependency in this compression aftereffect when adapting
to dynamic cosine wave gratings. Participants adapted to a grating which oscillated sinusoidally in spatial frequency (0.5 — 5.5 cycles per
degree) at a frequency of 1 Hz. This produced a concertina effect, with motion directed away from a fixed central axis. The adaptor was
presented at 30% contrast in a square window (6 x 6 degrees of visual angle) centred 6 degrees from fixation on a uniform gray
background. After adaptation (30s + 5s top-up), two pairs of dots were simultaneously presented in adapted and non-adapted areas
located either side of fixation. Participants reported which pair had the greater separation. The separation of one pair of dots was kept
constant while the other was varied to estimate the point of subjective equality (PSE), which provided a measure of the compression
aftereffect. Apparent compression was measured for combinations of both vertically and horizontally oriented grating adaptors and
stimulus dot pairs. The dots were either aligned with the grating bars, or perpendicular to them and thus aligned with the direction of
motion during the spatial frequency oscillation. Greater shifts in PSE, indicating a stronger compression aftereffect, were observed when
dots were aligned with the grating for both horizonal and vertically oriented grating adaptors. Thus, paradoxically, strongest spatial
compression was induced perpendicular to the direction of grating motion (i.e. along the length of the bars), despite no local change in
luminance in the adaptor at, or between, the specific locations at which dots were presented. The orientation dependence of the
adaptation effect indicates the likely involvement of cortical mechanisms in determining the metric of visual space.
Acknowledgements: This work was funded by a Leverhulme Trust Research Project Grant.
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Numerosity Is Driven By Intermediate Visual Representations

Elias Wahl, Sari Saba-Sadiya?, Thomas Chapalain?, Evelyn Eger?, Gemma Roig!

1Goethe University (DE), 2INRIA Saclay, NeuroSpin (FR)

Number sense, the ability to rapidly estimate the approximate number of objects in a visual scene, is a universal human ability that
extends even to pre-verbal children and many other animals. Recent computational work has suggested that number sense could emerge
in visual systems from observing changes in a scene as they arise from object quantity manipulation, without any access to explicit
numerical labels. Here, we extend this framework using photorealistic multi-object stimuli, and explore the role of different pre-trained
object-classification convolutional neural networks for feature extraction. Iterating through the layers of various object-classification
networks we observed that using intermediate - rather than early or late - feature representations maximized both performance on the
manipulation recognition task and the emergence of explicit numerosity information at later stages of the model. This pattern of results
persisted across a wide variety of training regimes, network architectures, and even for stimuli containing higher numbers of objects
than those encountered during training. However, no such ‘midway peak’ was present in the intermediate representations of randomly
initialized models, or those optimized to perform the manipulation recognition task rather than object-classification. Taken together, our
work demonstrates that the intermediate representations learned by visual object-classification systems drive the emergence of quantity
information in a context of object manipulation, even without the presence of explicit numerical labels. These computational results
suggest that the intermediate visual features computed in the brain could be involved in the mechanisms underlying the phenomenon
of number sense.

247
Comparable colour constancy for average colour and single colour percepts.

Lari Virtanen?, Toni Saarelal, Maria Olkkonen?

1University of Helsinki (FI)

Colour constancy refers to the visual system’s ability to correctly estimate surface colours under varying illumination. Most previous
studies have employed stimulus surfaces with uniform chromaticity or limited chromatic variation. Can colour constancy operate equally
well—or better—for surfaces with significant chromatic variation? We characterised percepts of average colour across an illumination
change for uniform and polychromatic surfaces. We used realistically rendered images of 3D scenes that were divided horizontally to
yellowish and bluish illumination regions. Four 3.3° irregular “blob” objects were embedded in the scene in a two-by-two configuration
(separated by 2.2° vertically and 3.6° horizontally), with two objects in each illumination region. The object surfaces were either uniform
or polychromatic, and background surface was either uniform grey or made of differently coloured squares. On each trial, three objects
had the same (average) surface colour. The fourth surface colour (target) varied from yellowish to bluish from trial to trial. The stimulus
was shown for up to 2000 ms, and observers (N = 20) responded which of the four objects had a different (average) surface colour.
Correctly choosing the illumination region containing the target reflects the ability to discriminate colour. Given correct choice of region,
correctly choosing the target object reflects colour constancy relative to discriminability. Thresholds and biases for both choices were
estimated from psychometric function fits to the proportion of correct responses. Based on within-subject contrast analysis in a linear
mixed model, discriminability was poorer for polychromatic than uniform objects (t(139) = -11.76, p < .001), but colour constancy was
the same for both. Compared to a uniform grey background, a multi-coloured background made discriminability slightly poorer (t(139)
=-2.34, p =.021), but had no effect on colour constancy. We conclude that colour constancy operates equally well for average and single
colour estimates.

Acknowledgements: This project was supported by Emil Aaltonen Foundation (Grant #220237 N1).
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Facial expression recognition with regard to faces behind observers
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Hideki Tamura?, Yugo Kobayashi?, Shigeki Nakauchi?, Tetsuto Minamit

IToyohashi University of Technology (JP)

In previous studies, facial expression recognition ability has typically been tested while a person views a face from the front, such as
when an observer sits down and views a facial stimulus on a monitor. However, it remains unclear whether the spatial relationship
between the observer and the observed face affects the extent to which facial expressions can be perceived by the observer. For example,
when another person’s face is positioned behind the observer, such as when the observer is being chased, the observer may perceive
the person to be a threat and engage in survival strategies. Thus, we investigated whether facial expression recognition ability changes
when faces are positioned behind the observer in a virtual environment. We generated facial expressions that varied between neutral
and angry using FaceGen. A face stimulus appeared either in front of or 180 degrees behind the participants, requiring them to turn to
the left or right to view the stimulus. The participants indicated whether the face appeared to be neutral or angry. The results showed
that the faces were perceived to have stronger expressions when they were positioned behind rather than in front of the participant.
Additionally, when we changed the target expression to happy, the faces positioned behind the participant were perceived as happier
than the faces positioned in front of the participant. In subsequent experiments, we introduced a hand-mirror condition in which the
observers were allowed to use a hand mirror to view the faces behind them without body rotation. The results revealed strong
perceptions of the angry faces positioned behind the observer; however, body rotation was required in the context of the happy faces.
We suggest that this enhancement of facial expression recognition relies on emotional valence to ensure the efficient detection of threats
in the environment around observers.

Acknowledgements: This work was supported by JSPS KAKENHI, Grant Numbers JP22K17987, JP20H05956, and JP20H04273.
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Temporal dynamics of representations shared between visual perception and imagery

Carolina Libertad Shimabukuro?, Radoslaw Martin Cichy?

IFreie Universitat Berlin (DE)

Visual imagery is the ability to conjure up perception-like percepts in the mind’s eye in the absence of an external physical stimulus. This
suggests that imagery and perception share common representations, but the dynamics with which shared representations emerge
remain incompletely understood. Here we determined the temporal dynamics and spectral signature with which neural representations
shared between imagery and perception emerge. We used electroencephalography (EEG) to resolve neural representations while human
participants (N=41) looked at or imagined 12 different stimuli (in the categories faces, houses, and tools). We used representational
similarity analysis (RSA) to characterise and relate neural representations evoked in imagery and perception. We made two key findings.
First, in a time-resolved analysis we found that imagery and perception share representations across broad time windows: starting from
ca. 80 ms after stimulus onset in perception, and between 180-1400 ms relative to cue onset in imagery. Second, in a time-frequency
resolved analysis we found that imagery and perception share representations predominantly in the alpha and lower beta band. Together
our results reveal the temporal dynamics and spectral characteristics of neural representations shared between imagery and perception.
Both aspects are consistent with a set of previous studies, and add further evidence from different methodology and experimental setup
to our growing knowledge of the neural basis of imagery and perception.

250
Exploring emotional dimensions and colorimetric structures of abstract paintings through psychophysical scale

Carlo Martins Gaddi?, Marcelo Fernandes da Costa?

1University of Sdo Paulo (BR)

We conducted an experiment with 75 Brazilian participants (mean age = 31; SD = 1.1; 29 women), in which they were asked to rank ten
abstract paintings based on six emotional descriptors: tense, calm, exciting, boring, enthusiastic, and depressive. These descriptors were
selected based on the circumplex model of affect, wherein each emotion can be understood as a linear combination of two distinct
systems. We employed a psychophysical methodology to analyze the ranking data using the Law of Comparative Judgment. This involved
calculating the statistical distances between all paintings for each emotional descriptor to establish an interval scale. Correlations among
the six emotional scales were assessed using Pearson's coefficient, revealing negative correlations for tense-calm, enthusiastic-
depressive, and exciting-boring (<-0.85, p<0.05), and a positive correlation for exciting-enthusiastic (0.90, p<0.05). Furthermore, we
analyzed the color gamut of each painting in CIE Lab space, deriving values for three colorimetric dimensions: saturation, color
proportion, and hue. We conducted a one-way ANOVA to investigate statistical relationships between the colorimetric structure of the
paintings and the emotional scales. Our findings demonstrated a statistically significant difference between saturation and the depressive
scale (F=0.68, p<0.05). Our results suggest that abstract paintings can be mentally categorized into emotional continua, with these
continua displaying a logical interval organization within opposing emotional dimensions. The lack of a relationship between colorimetric
structure and the emotional intensity of the paintings suggests that color may not significantly influence emotional judgment, while
other elements and attributes within visual perception may play a more significant role and require further investigation. These findings
underscore the complexity of emotional judgment involved in visual perception and highlight the uniqueness of the aesthetic experience.
By applying this methodology to a sample of the Brazilian population, we can gain insights into how specific emotions influence visual
perception in artistic appreciation.

251
Image statistics and the visibility of distortions in things and stuff

Swantje Mahncke?, Lina Eicke-Kananil, Thomas S. A. Wallist
ITechnical University Darmstadt (DE)
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The content of photographic images can be differentiated along qualitative dimensions, such as man-made versus natural, and things
(predominantly isolated objects or scenes) versus stuff (predominantly material properties or texture). Though no precise definition of
these dimensions exists, they have been previously demonstrated to influence scene categorization and sensitivity to local structural
perturbations. Here, we examine the relationship between these qualitative dimensions and a set of simple image statistics: spatial
coherence (variation in edge density such that low variation means high coherence), contrast energy (average local contrast in spatial
frequency bands), and the intercept and slope of the Fourier amplitude spectrum over frequency. We further measure human sensitivity
to Eidolon-like distortions in a set of images sampled over a range of these dimensions (from the THINGS and STUFF databases), in order
to provide a data-driven means to compare models of visual sensitivity. Participants discriminated original and Eidolon-distorted images
presented peripherally in a three-alternative temporal oddity task, for different distortion intensities (reach) and spatial frequencies
(grain). We found that Eidolon-like distortions were easier to detect (lower reach thresholds) at all grain values in more scene-like images
compared to texture-like images. Participants were also less sensitive to higher grain distortions, i.e. distortions of lower spatial
frequency, in a pattern reminiscent of the contrast sensitivity falloff with lower spatial frequency. We characterize the relationship
between participants’ sensitivity and changes in the above image statistics on an image-level to explain sensitivity variations not
accounted for by the CSF. We find that spatial coherence and contrast energy provide a useful low-dimensional characterization of
distortion sensitivity over images ranging from things to stuff.

Acknowledgements: Co-funded by the European Union (ERC, SEGMENT, 101086774), and the cluster project “The Adaptive Mind” as
part of the Excellence Program of the Hessian Ministry of Higher Education, Science, Research and Art.
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Comparison of left-visual-field bias in autistic individuals in 3D VR environments versus a 2D task
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Autism Spectrum Disorder (ASD) is a neurodevelopmental condition defined by DSM-III criteria in 1980, with core symptoms affecting
social and communication skills, self-regulation behaviour and sensory perception. Due to the high variability of ASD, assessment can be
highly subjective and affected by environmental and social biases. Recent research has taken advantage of technological advancements
such as eye-tracking and a virtual-reality immersive HMDs to ensure more objective, accessible and personalised data collection. The
objective of this study was to investigate and describe the visual behaviour of a group of ASD individuals (age 12 to 17 years old),
comparing their performance in a 3D environment relative to that of another group previously tested in a 2D environment. The protocol
consisted of a brief series of standard visual tasks assessing face perception (using 3D human and animal avatars), object recognition
(using 3D models of objects and toys), joint attention (comparing side-by-side presentations of two- vs three-dimensional objects placed
in the left and right fields of view respectively) and free-scanning of social scenes. Eye-tracking data such as gaze movements, saccade
and fixation behaviour were collected in a fully immersive virtual environment to study the impact of the depth information element
available in the current replication, relative to the previous 2D version of the same protocol. A systematic left-field-of-view bias was
compared between the ASD populations tested under the two environments as well as in relation to an age and gender-matched
neurotypical control group. These findings aim to increase our understanding of how depth perception is processed in autism, a field yet
largely unexplored, as well as to explore the usability of virtual reality head-mounted displays with incorporated eye tracking for the
assessment of ASD individuals.

253
Looking down: Downcast gaze influences the believability of happiness and sadness in computer-generated faces
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Computer-generated (CG) people are increasingly common in society. To be feasible in settings such as telehealth or customer service,
CG people need to communicate effectively with their human counterparts—which includes expressing emotions in a way that humans
find believable, interpreted as seeming to have come from a felt emotion. The present study aimed to test how eye-gaze direction can
be used to optimise the believability of CG facial expressions. Our starting point was that, for human faces, direct and downcast eye-gaze
are theorized to contribute to the communication of happiness and sadness respectively. We therefore hypothesised that direct-gazing
happy CG faces and downward-gazing sad CG faces would be more believable than those gazing elsewhere. Happy and sad expressions
were each animated on eight CG people in Unreal Engine. These expressions were based on FACS configurations previously reported in
human faces. Six increasingly downcast angles of gaze were presented across trials while participants (N = 75) judged the believability of
each expression. Happiness was found most believable with direct gaze, with believability progressively decreasing as gaze turned
downcast. Sadness, however, steadily increased in perceived believability as gaze aversions became more downcast. These findings
demonstrate that eye-gaze direction influences the perceived believability of expressions of happiness and sadness in CG faces, as per
our hypotheses. Practically, our result can inform the development of CG humans with increasingly effective communicative abilities.
More broadly, our findings highlight the importance of conceptualising eye-gaze as a component of facial expression perception, which
has also been largely overlooked in studies of human expressions, which mostly use only direct-gazing stimuli.

Acknowledgements: This research was supported by an Australian Government RTP scholarship from the University of Western Australia
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Visual factors influence perceived time of eye movement but not visuo-motor temporal recalibration
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We previously demonstrated that systematic sensory delays associated with saccadic eye movements are rapidly learned—a perceptual
realigment of asynchronous signals termed temporal recalibration. However, judging saccade timing often involves high levels of
uncertainty. If observers rely on visual factors to discern saccade timing, then an increase in visual information might enhance an
observer’s certainty of when exactly their eyes moved and thereby moderate temporal recalibration. To examine the impact of visual
factors on subjective timing and temporal recalibration, we manipulated the availability of target and background information in a 2-by-
2 design. Observers made horizontal saccades that triggered a brief, high-contrast Gaussian flash presented either during or after the
movement. To induce temporal recalibration, 60% of trials presented flashes with consistent delays of either 20 or 80 ms after movement
onset, applied in separate blocks. In randomly interleaved report trials (40%), flash delays were systematically varied via an adaptive
staircase procedure, with observers reporting temporal order of flash and saccade offset. Within each session, four visual conditions
were presented in separate blocks. They featured either repetitive noise backgrounds (bandpass-filtered to low spatial frequencies) or a
uniformly grey background. The saccade target (a 2 dva black circle) was presented either pre-saccadically (for 50 ms) or continuously
until the end of the trial. Across all visual conditions, saccade offset was perceived later in the delay condition, replicating temporal
recalibration. Moreover, post-saccadic availability of the saccade target increased reliability of reports in both baseline and recalibrated
states. Thus, while visual factors play a role in eye movement timing, recalibration was robust to them. This robustness suggests that
temporal recalibration is a fundamental mechanism that responds to mismatches between saccades and their visual consequences.
Visual cues like saccade-induced smear could therefore contribute to calibration of causal inferences about saccades’ visual
consequences in natural vision.

Acknowledgements: This project has received funding from the European Research Council (ERC) under the European Union’s Horizon
2020 research and innovation programme (grant agreement No. [865715 — VIS-A-VIS]) and Deutsche Forschungsgemeinschaft (DFG,
German Research Foundation) under Germany’s Excellence Strategy — EXC 2002/1 “Science of Intelligence” — project number 390523135.
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A stimulus perceived as the consequence of one’s action is processed differently compared to externally triggered ones. This difference
is perceptually characterized by intentional binding, where the perceived temporal proximity between action and effect forms an action-
effect event. Previously, it was shown that a feature singleton captured attention when preceded by an action even when its location
was variable across trials. Similarly, capture was not observed when the location of the singleton was fixed across trials. However in both
of these experiments action and no-action were manipulated across different experimental blocks. We report three experiments with
various levels of uncertainty attached to the feature singleton within the trial structure. We used an irrelevant singleton paradigm where
participants were required to respond to the identity of a target in the visual display (2 or 5 among other numbers). In half the trials
participants were required to press a key (as indicated by ‘+’ or ‘0’ at the fixation) to initiate display onset while in the other half, the
display onset was automatic. Thus action and no-action conditions were randomized across trials rather than in separate blocks. In the
first experiment, the location of the feature singleton was random. In the second experiment, the location of the feature singleton was
constant across trials and was invariable across both the action and the no-action conditions. In the third experiment, the action and no-
action conditions were assigned their own unique feature singleton location. The data suggests that the feature singleton captures
attention only in the third experiment, not in the first or second. That is, randomizing action and no-action across experiments eliminated
capture observed previously. However, having distinct stimulus features associated with action and no-action re-establishes capture.
The study suggests an asymmetric relation between uncertainty with respect to action-effect contingency and feature level uncertainty.
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Pre-attentive computation of density-defined motion
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Spatial modulations of dot density and dot contrast are easier to detect when they are combined in phase. Antiphase combinations, in
which high densities coincide with low contrasts, are more difficult, but they are not impossible to detect. These previous findings imply
a minimum of two mechanisms having differential sensitivities to the two types of modulation. To determine whether either of these
mechanisms relies upon attentionally modulated input, we measured (81%-correct) threshold modulation amplitudes for discriminating
between leftward and rightward translating texture modulations at 0.94, 1.88, 3.75, and 5.00 Hz. As expected, thresholds increased with
temporal frequency. When density and contrast modulations were combined in equal multiples of their thresholds in isolation, again we
found low threshold multiples for in-phase combinations and high threshold multiples for antiphase combinations. However, there was
no systematic effect of temporal frequency on these multiples. To decrease thresholds, allowing measurements at higher temporal
frequencies, all dots were given negative Weber contrasts, and the texture modulations became angular, requiring discrimination
between clockwise and anti-clockwise rotations. Threshold multiples for antiphase combinations were no greater at 7.50 Hz than they
had been at 0.94 Hz. Texture modulations at threshold for direction discrimination were then superimposed on static modulations having
twice the threshold amplitude. These static pedestals can foil attentionally modulated feature-tracking decision strategies. Indeed,
superimposition of static pedestals did impair some observers’ direction discriminations with some of the textures at lower temporal
frequencies; but this was true for all textures, not just the antiphase combinations. Consequently, these results suggest that while
attention may modulate the salience of textures based on the density and/or contrast of its constituent parts, attentional modulation is
not necessary for perception of a density modulation, even when the salience of that density modulation is minimized by antiphase
combination with a contrast modulation.
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About cross-modal commutativity in magnitude production

Dorina Kohler?!

1University of Tiibingen (DE)

Can we compare the loudness of a tone to the brightness of a light? The answer is yes. We are intuitively capable of these cross-modal
comparisons. Psychophysical researchers such as Stevens have long assumed that these cross-modal comparisons are mediated by a
single scale of subjective intensity. Luce developed a psychophysical theory for physical intensity making Stevens’ assumptions towards
an underlying scale of perceived intensity explicit and formulating empirically testable conditions for it. They identified cross-modal
commutativity as a property through which the theory can be tested. We investigated this property in a cross-modal magnitude
production task between auditory and visual stimuli, concerning their loudness and brightness respectively. Participants were presented
with the two stimuli and instructed to, for example “make the tone 3 times as loud [as the visual stimuli appears bright]”. This was partly
a replication of a paper in which the original authors concluded that cross-modal commutativity holds whereas we find inconclusive
evidence in a Bayesian analysis. Additionally, in a theoretical analysis, we find evidence that role-independence of the internal references
used in magnitude production is violated. In an expansion of Luce’s theory, Heller concluded that cross- modal commutativity holds if
and only if the internal references are role-independent, meaning they are not dependent on whether the reference pertains to the
standard or the variable stimulus. This means, if role-independence of the references is violated, the assumed intensity scale can hold
even if cross-modal commutativity doesn't. Evidence towards this conclusion and its implications will be discussed.
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Population coding for figure-ground texture segregation in macaque V1 and V4
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Object recognition often involves the brain segregating objects from their surroundings. Neurophysiological studies of figure-ground
texture segregation have yielded inconsistent results, particularly on whether V1 neurons can perform figure-ground texture segregation
(e.g., Lamme, 1995) or just detect texture borders (Rossi, et al., 2001). To address this issue, we utilized two-photon calcium imaging to
simultaneously record the responses of large samples of V1 (n=1983) and V4 (n=2820) orientation-tuned neurons to figure-ground
texture stimuli in parafoveal FOVs of six awake, fixating macaques. The figure-ground textures consisted of a 4°@4° figure embedded in
a 32°[32° ground, consistent with those used by Lamme (1995). The figure was formed by iso-oriented lines at one of four orientations
(0°,45°,90°, and 135°), and the ground was comprised of lines orthogonal to the figure lines. The stimulus was positioned relative to the
population receptive field (pRF) of a FOV, such that the figure, figure-ground border, and ground fell on the pRF, respectively. The average
response changes indicated that V1 neurons mainly detect texture borders, while V4 neurons are involved in figure-ground segregation.
However, population analysis (SVM decoding of PCA-transformed neuronal responses) revealed that V1 neurons not only detect figure-
ground borders, but also contribute to figure-ground texture segregation, although requiring substantially more principal components
than V4 neurons to reach a 75% accuracy. Individually, V1/V4 neurons showing larger (negative/positive) figure-ground response
differences contribute more to figure-ground segregation. But for V1 neurons, the contribution becomes significant only when many
principal components are considered. We conclude that V1 neurons participate in figure-ground segregation primarily by defining the
figure borders, and the poorly structured figure-ground information they carry can be further utilized by V4 neurons to accomplish figure-
ground segregation. These results help reconcile prior inconsistencies on the roles of V1 in figure-ground texture segregation from a
population perspective.

Acknowledgements: Supported by a STI2030-Major Projects grant (2022ZD0204600).

260
Brain regions representing numerosity across the senses and presentation formats
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Numerosity can be extracted in a plethora of situations: the number of pens on a table, of knocks on the door, or of times a hammer hit
a nail. How does the brain compute the same numerosity (e.g. three) across different modalities (e.g. auditory, visual) or different formats
(symbolic or non-symbolic; simultaneous or sequential)? Whether and where the brain represents numerosity in an abstract fashion or
separately across formats and modalities remains debated. We used Functional Magnetic Resonance Imaging (fMRI) to characterize the
brain activity of participants processing numerical information (range 2-5) across modalities (auditory, visual) and formats (sequential,
simultaneous; symbolic, non-symbolic), to collect a comprehensive mapping of numerical representation across multiple dimensions.
Multivariate pattern decoding analyses (MVPA) first show that multiple brain regions within the dorsal stream, from early stages of visual
processing (area V3b) to the lateral intraparietal area (LIP), encode non-symbolic numerosity across formats and modalities. Cross-modal
decoding analyses show that only the representations of auditory and visual sequential numerosity are shared in V3, parietal and frontal
regions, mainly in the right hemisphere. The results suggest that a general coding of numerosity across sensory modalities depends on
the shared format of presentation (i.e., sequential). Overall, our study demonstrates that a series of dorsal brain regions encode absolute
non-symbolic numerosity across vision and audition and in different formats, but that a shared representation across sensory modalities
only emerges when numerosities share a similar presentation format.
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Location-specific improvements in spatial attention induced by training on a crowding task
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Visual crowding, the difficulty in recognizing objects in the periphery amid distractors, can be at least partially mitigated through
perceptual learning. Enhanced target recognition has been shown to transfer to untrained locations of the visual field. However, it is not
clear to what extent such improvements in trained and untrained locations can be attributed to improvements in spatial attention
following perceptual learning. In this study, participants underwent a Landolt-C gap detection training daily over 4 days in the left and
right quadrants at 10° eccentricity in either the upper (N = 12) or the lower (N = 12) visual hemifield. A 2-down, 1-up adaptive procedure
adjusted the critical spatial distance of two ring-shaped flanker distractors positioned radially and tangentially to the Landolt-C with
respect to central fixation. All trained participants, as well as an untrained control group (N = 12), underwent spatial attention and
crowding task testing at the same positions at 10° eccentricity before and after training in both hemifields. In the crowding task, both
training groups showed significant (p <.05) improvements in their trained hemifield, as well as significant transfer of these improvements
to the untrained hemifield. In the spatial attention task, both training groups displayed significant improvements only in the hemifield
that had been trained in the crowding task, indicating no transfer of spatial-attention improvements between upper and lower hemifield.
The results indicate that perceptual training in a crowding task leads to location-specific improvements in spatial attention. However,
these improvements occurred independently of training-induced improvements in the crowding task.

Acknowledgements: This research was supported by the Deutsche Forschungsgemeinschaft (DFG: PL641-1/1) and by the ZSER e.V.
(Support Association for Children and Adults with Rare Diseases e.V. c/o University Hospital Regensburg) funding program.
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The “Motion Bridging Effect” is a motion illusion in which a rapidly rotating ring of dots induces a rotation percept in a previously or
subsequently presented stationary ring of dots. The illusory rotation's direction usually matches the rotating ring's direction, although
this direction is undetectable when only the rotating ‘inducing ring’ is shown. A previous investigation in our lab indicated that this
direction congruency is critically dependent on the spatial relationship between the inducing ring and test ring dots at the final moment
the inducing ring is shown. We have also observed, however, that this congruency effect is diminished when the inducing ring
presentations are short (< 30 ms), suggesting that processing that occurs before the final moments of the inducing ring presentation
contributes to the congruency effect. In the two experiments of the present study, we divided the inducing ring presentation period into
three contiguous temporal segments, and compared the effect of reversing the ring's rotation direction in the first, middle, and last of
these segments. A direction reversal of any of the segments reduced the congruency effect. When the test ring followed the inducer, the
reversal during the final segment had the largest, and the reversal in the initial segment had the smallest effect. When the test ring
preceded the inducer, however, the reversal during the initial segment had the largest and the reversal in the final segment had the
smallest effect. These results imply the processes that determine the direction of the illusory rotation are active throughout the inducing
ring presentation, with the intervals closest in time to the test ring onset having the greatest impact.
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Can activated long-term memory content influence target verification in visual search?

Maxim Morozov?
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According to Guided Search theory (Wolfe, 2021) visual search is controlled by two representations. Guiding template is held in working
memory (WM) and determine what objects would be selected. Target template is held in activated long-term memory (ALTM) and
matched against selected objects for target verification. A bunch of studies showed that WM is pretty good in preventing interference
from irrelevant information (Bartsch, Oberauer, 2023). While little is known about the influence of ALTM content on target verification
process. According to first approach, representations in temporal storage are decaying over time. It's needed to be rehearsed to stay
available for processing (Hurlstone, Hitch, Baddeley, 2014). According to second approach, representations are suffering of an
interference caused by other memory content (Oberauer, Lin, 2023). We address this issue by manipulating memory load semantically
related/unrelated to a target during a visual search task. We hypothesized, if a target template is decaying over time, semantically related
memory load would help for rehearsal which would decrease target verification time (compare to unrelated memory load). However, if
a target template suffers of interference, semantically related load would increase target verification time. Fifty-six volunteers (3 males)
aged from 18 to 28 (M=19) were asked to perform a visual search task among real-world objects while maintaining three words
semantically related or unrelated to a target. A target was designated by its’ basic category label. We measured dwell time on target
using Eyelink Portable Duo (1000 Hz). Repeated measures ANOVA shows no effect of Memory load on target verification time
F(1,55)=0.068, p=0.795. We conclude that a target template is not decaying while maintaining in ALTM but also it does not suffer of
interference from semantically related words. Supposedly an activation of perceptual features related to remembered words was too
weak to cause an interference and influenced target verification.
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Modeling the Relationship Between Stimulus Characteristics and Visual Attention: An Eye-Tracking Study
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Background: Natural environments' complexity influences visual attention, specifically change detection. Stimulus characteristics such
as distractors, interest, congruency, and social relevance play a key role. Eye-tracking was used to analyze a comprehensive model to
assess visual stimuli's primary influences and interrelations on change detection. Objective: To investigate the influence of stimulus
characteristics on visual attention using a change blindness paradigm with eye-tracking. Methods: The gaze behavior of 50 university
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students (19-31 years, M=23, SD=2.2, 38 female) was recorded as they viewed 64 image pairs for 360 ms, interrupted by 120 ms black
screens, until detecting an item change via mouse click. The area of interest (AOI) highlighted item changes. Statistical Analysis: A
multilevel model was used to identify the main effect of the eye-tracking measurements on change detection. Stepwise regression was
employed to determine which stimuli characteristics significantly predict change detection. Results: Response times were the main
contributor over the first fixation or duration time and visits on the changing item to change detection. Model 1 initially incorporated
centrality versus marginality of change, accounting for 16% of the variance (F(1, 782) = 149.001, p < .000). Subsequently, Model 2
introduced the number of distractors, enhancing the variance explained to 23.7%, marking a significant increase in the model's
explanatory capacity (F(1, 781) = 79.184, p <.000). Model 3 further added congruency versus non-congruency, achieving a 27.8% variance
explanation (F(1, 780) =43.715, p <.000), and Model 4 incorporated social relevance as the final predictor, slightly elevating the explained
variance to 28.3%, remaining statistically significant (F(1, 779) = 5.348, p = .021). Conclusions: This analysis highlights the complex
interplay of stimulus characteristics in influencing visual attention and underscores the importance of considering multiple factors for
accurately predicting how individuals perceive and interact with their environment in varied populations.
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Peripheral vision plays a critical role during scene categorization. The rapid extraction of global features in peripheral vision would allow
a rudimentary representation of the scene, known as the gist, associated with prior knowledge about regularities in the visual
environment. This knowledge could then be used to rapidly categorize the scene, but also to generate predictions about objects it
contains. Previous studies suggest that predictions generated from peripheral vision improve the categorization of objects in central
vision. However, visual perception is a dynamic phenomenon which alternates between ocular fixations on an object of interest and
saccades towards the periphery to fixate new objects. The present study aims to investigate how predictions based on the scene context
in peripheral vision influence gaze orientation on objects in peripheral vision. Twenty-five participants performed a go/no-go saccadic
task on an object (either animal or furniture) displayed in peripheral vision (7° of eccentricity), either on the left or the right side of a
central fixation. A scene background was simultaneously displayed in peripheral vision, either semantically congruent with the object
(outdoor scene/animal and indoor scene/furniture) or incongruent (indoor scene/animal and outdoor scene/furniture). Participants
were instructed to make a saccade towards the object belonging to a target category or maintain fixation at the centre when it belonged
to the distractor category. When the target object was absent (and thus, the distractor object was present), participants made more
false alarms towards the distractor in an incongruent scene (but congruent to the target object) than in a congruent one. This suggests
that scene context influences gaze orientation on objects in peripheral vision. We are currently conducting a new study in which we
manipulate the onset asynchrony between scene and object to further investigate the influence of predictions based on scene-context
on gaze orientation in peripheral vision.

Acknowledgements: Funded by IDEX Université Grenoble Alpes grant.
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Light-level dependent changes in the temporal properties of the center mechanism of cat X-cells
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Cat X-cells have historically been studied as a model for the human P-cell. Here we have sought to characterize how the temporal
properties of the center mechanism of X-cells change over the full operational range of light levels encountered by the cat. Comparing
impulse and temporal frequency responses it was found that the X-cell center could be considered to respond as a linear system at each
adaptation level. As a result, a linear model of temporal filtering was possible for each light level. The responses for both photopic and
scotopic light levels could be modeled well with a five parameter temporal filter model, although the models for the two ranges had
somewhat different forms. While the form of the models did not change for different adaptation levels in the photopic and scotopic
ranges, the parameters of the models did, providing quantification of the changes in temporal properties with light level. The description
provided by our data constitutes perhaps the most complete description of the changes in temporal properties with light level currently
available for a retinal ganglion cell.

Acknowledgements: NIH RO1 EY06669.
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Visual search is a classic paradigm for studying vision and attention. It is well known that searching for the absence of a feature can be
very slow and demanding. We also know that cross-modal cues are highly effective at re-orienting attention. Here, we combined these
ideas to explore whether effortful serial search could be speeded when target location was simultaneously cued by a spatially informative
2D sound. Search arrays consisted of a 4 x 4 grid containing simple, schematic faces. All faces appeared to be wearing spectacles, except
a randomly positioned target, where a single line representing the bridge of the frame was removed. We compared search with and
without a predictive sound cue. When present, the sound cue began at display onset and continued until a response was made. In this
initial experiment, we used 4 levels of pitch to cue the grid rows: lower pitch was mapped to lower rows (frequency steps :262, 523,
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1046, 2093 Hz; corresponding to piano C octaves 4 through 7). We used 4 levels of tempo to cue the grid columns: slower tempo was
mapped to the left of the grid (tempo interval parameters: 800, 600, 400, 200 ms; covering a range slightly wider than from adagio to
prestissimo). By combining these pitch and tempo parameters, each grid cell could be uniquely cued. Participants (N=20) performed four
blocks: the initial and final blocks with no sound (pre-test and post-test, respectively), and the two experimental blocks with sound.
Search was significatively speeded in the blocks with sound (M=2584; SE=72.5) compared to either of the blocks without sound (M=
3357; SE = 100.6). These findings suggest that 2D auditory cues can be used to guide spatial attention during visual search.
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This study aims to devise a reliable stimulus and experimental setup for objectively assessing stereopsis clinically using steady-state
visually evoked potentials (ssVEPs). Dynamic random dot stereograms (DRDS) are widely accepted for selectively examining stereopsis.
These stimuli can generate various binocular percepts, including spatial surfaces and depth changes over time. Our objective was to
identify the most effective stimulus that consistently elicits statistically significant ssVEP responses across a diverse participant pool.
Significance was determined using the T2circ statistic at p<0.01. The ssVEPs were recorded from eight young adults with intact stereopsis
at 10 standard electrode positions, with each stimulus lasting at least 90 seconds. DRDS stimuli were used, each one showing a
checkerboard pattern of near and far disparity regions that alternated in depth. This type of stimulus is insensitive to monocular artefacts
and a response is expected only if stereopsis is present. The check size was 1 degree and the disparity was £5.46 min of arc. The stimulus
frequencies were 0.94, 1.33, 1.88 or 2.66 cycles per second. To score the reliability of each stimulus, we counted how many times any of
the Oz, O1 and 02 channels showed significant response at either the fundamental or first harmonic frequencies for all participants.
According to our current data, the most reliable stimulus was the depth-reversing DRDS checkerboard of 2.66 cycles per second
frequency, which produced significant responses in 83% of the measurements. The other frequencies produced similar, but lower
reliabilities (63%, 60%, and 63% for 0.94, 1.33 and 1.88 cycles per second, respectively). In summary, our results suggest that the ssVEP
response elicited by depth-reversing DRDS stimuli can be used as an objective marker of stereopsis, although the reliability of the
response may depend on the stimulus frequency.

Acknowledgements: Thematic Excellence Program 2021 Health Sub-programme of the Ministry for Innovation and Technology in
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Extensive behavioral and fMRI studies have suggested the significance of subcortical pathways for residual action abilities within
blindsight, revealing that visually guided actions can be accomplished unconsciously. However, the specific involvement of the subcortical
pathways in visuomotor transformation, especially under the unconscious condition, remains elusive in healthy humans. Tools are special
among various object categories because each tool corresponds to a particular action. Here, we employed functional magnetic resonance
imaging to investigate the representation of tools (toolness, tools vs. non-tools) within subcortical structures when tool images were
made invisible using continuous flash suppression (CFS). Both univariate analysis and multivoxel pattern analysis (MVPA) revealed a
significant tool representation in the left thalamus, with the left ventral anterior (VA) thalamus, a motor-related subregion of the
thalamus, as the most important thalamic subregion. In the basal ganglia, the left striatum exhibited robust toolness representation in
both univariate analysis and MVPA. Only area 9a (part of the dorsolateral prefrontal cortex) and anterior 10p (orbital and polar frontal
cortex) demonstrated significant toolness representation among cortical regions. Surprisingly, however, areas in the parietal and middle
temporal cortex that showed stronger activation for tools than non-tools in previous studies did not show a difference in activation in
the subjective unconscious condition here. Functional connectivity results indicated that, compared to elongated non-tools, elongated
tools increased the connectivity between the bilateral VA thalamus and left 9a and between the right VA and left STR in the basal ganglia
in CFS. Notably, dynamic causal modeling results unveiled a feedforward thalamocortical pathway from the left VA to the left 9a,
contributing to toolness representation in CFS. These findings unveiled the involvement of the motor-related subcortical structures,
particularly the ventral anterior thalamus and basal ganglia, and a thalamocortical pathway in the visuomotor transformation of healthy
humans engaged in subjectively unconsciousness.

Acknowledgements: This research was supported by the Supported by the National Science and Technology Innovation 2030 Major
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Human neuroimaging work shows that the foveal cortex is recruited during haptic exploration of objects, in the absence of visual input.
Here we ask: is haptic processing of object properties in the foveal cortex relevant for behaviour? To this aim, we tested 30 individuals
in a behavioral paradigm (Experiment 1). Participants used their right-dominant hand to haptically explore one of three differently sized
cylinders placed behind a monitor, while fixating a central cross. During the haptic exploration, dynamic visual noise was presented in
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central vision (Noise condition) to disrupt haptic processing in the foveal cortex, if present. In a control condition, no visual noise was
present. Subsequently, participants were asked to manually estimate the size of the explored stimulus. We then tested 20 volunteers
(Experiment 2) to investigate whether the effects of dynamic visual noise on haptic size estimation may be explained by: 1) foveal
processing, 2) the contribution of bimodal cells with overlapping visual and somatosensory receptive fields, 3) attentional distraction. To
test these hypotheses, we adapted the previous behavioural paradigm such that in noise trials the dynamic visual noise randomly
appeared in the center, on the right or left side of the screen. Results of Experiment 1 show that stimulus size is overestimated in the
Noise as compared to control condition, suggesting uncertainty when the visual noise is present. Results of Experiment 2 reveal no
significant effect of visual noise location on performance, suggesting that none of the tested hypotheses alone can explain the results of
Experiment 1. While the results of Experiment 1 suggest that the foveal cortex supports haptic size estimation, further research will
explore if multiple mechanisms could explain these effects.

Acknowledgements: Unione Europea (Next Generation EU), Ministero dell'Universita e della Ricerca (MUR), Universita di Trento.
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Research on the effect of long-term adaptation on colour perception has mainly relied on simple colour transformations using filters or
manipulations of chromatic contrast. Altered reality (AR) enables adaptation to a broader range of manipulations to be investigated.
Whilst most AR studies have investigated non-chromatic adaptation (Bao & Engel, 2019), Grush et al. (2015) examined the effects of
adaptation to colour-manipulated environment on the colour perception of two participants. Participants reported a disruption in colour
constancy following adaptation to a hue-rotated world. Here we further investigated the effect of long-term adaptation to a hue-rotated
AR on colour constancy and unique hues, using calibrated psychophysical tasks and appropriate control conditions. We adapted
participants to a hue-rotated world (e.g., sky becomes red) using an AR device (Meta Quest 3) that had a passthrough image of the real
world. The passthrough image was manipulated with a rotation of hue in HSL space in real time, and participants were exposed to either
a positive, a negative or no hue rotation. Participants adapted to the altered environment for 4 hours, during which they interacted with
a rich chromatic diet of natural scenes, paints, objects, and fruits. Before and after adaptation, participants’ categorical colour constancy
and focal chip identification under three illuminations was measured (Olkkonen et al., 2010), as well as participants’ unique blue and
yellow hues (Webster et al., 2000). We also recorded participants’ introspections during and after adaptation for qualitative analysis.
Our results can inform us about the types of transformations that the visual system can adapt to. Participants’ introspections whilst living
in an altered chromatic reality and immediately after also provide insight into the role of colour in daily life.
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Sensory information is inherently noisy and ambiguous. This has to be resolved by the perceptual system to construct stable and reliable
representations of the world. Recent EEG studies found large amplitude differences between processing of perceptual uncertainty vs.
certainty (“ERP Uncertainty Effects”). These effects, evoked by stimuli from very different stimulus categories (geometry, motion, size,
Gestalt perception, emotion), are interpreted as correlates of reliability estimations of perceptual outcomes. Such mechanisms are
proposed to be altered in psychiatric disorders like Schizophrenia. In this study, we investigate ERP Uncertainty Effects in patients with
Schizophrenia and possibly impaired underlying mechanisms. ERP Uncertainty Effects were evoked in patients with Schizophrenia (N=18)
and matched neurotypicals (N=17) by presenting smiley faces with varying visibility levels of emotional expressions. We calculated peak
amplitudes of the ERPs, and via a time-frequency analysis the respective total power and ITC (inter-trial phase coherence). We found a
highly similar pattern of ERP Uncertainty Effects in patients compared to neurotypicals, however with generally smaller peak amplitudes.
We found less ITC in patients compared to neurotypicals, whereas power was not group-dependent. Correlating ERPs with power values,
we found no significant correlations in neurotypicals, and lower amplitudes with lower power in patients in some conditions. Correlating
ERPs with ITC values, we found higher amplitudes with higher ITC in all conditions in neurotypicals, and only in some conditions in
patients. Recent evidence suggests that temporal imprecision is fundamental to impairments in patients with Schizophrenia in general,
and to reduced ERP amplitudes specifically. Our study highlights the contribution of both millisecond-level temporal imprecision and
reduced intensity of neural processes to lower ERP amplitudes in patients with Schizophrenia during uncertainty processing. These
findings align with predictive coding models and suggest that time-frequency analyses help to unravel underlying mechanisms of
electrophysiological alterations in psychiatric disorders.

Acknowledgements: We thank Neurex, the French German University (FGU), and the DFG (TE 280/26-1 KO 4764/9-1) for their financial
support.
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Delaying information in one eye by 330ms for 1h during an active visuomotor coordination task (building a tower from blocks) is sufficient
to transiently shift ocular dominance in favor of the delayed eye (Steinwurzel et al, Current Biology, 2023). Instead, passively viewing a
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third person performing the same task does not affect vision, despite the same visual delay. This leaves open the possibility that the sight
one’s own movements (egocentric perspective) is critical for monocular delay to shift ocular dominance.13 participants performed three
experiments that measured ocular dominance balance before and after one hour visual stimulation, using an altered-reality system. The
first experiment was a replication of the original, with participants actively engaged in a tower-building task in a VR setup that delayed
signals to the dominant eye by 330 ms. Like in our previous study, this transiently shifted ocular dominance in favor of the delayed eye.
In the second experiment, participants passively watched the video recorded during the first experiment. Although the visual stimulation
was identical as in the first experiment, it did not lead to a shift of ocular dominance, indicating that active engagement in the task is
necessary. The third condition replayed the video in one eye and blanked the other, reproducing a standard monocular deprivation
condition; the effect of this third experiment was statistically indistinguishable from the first experiment with active tower-building. We
conclude that an active visuo-motor active task is necessary for delayed visual input to induce ocular dominance plasticity, as passive
viewing from an egocentric perspective is not sufficient.
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Decades of psychophysical studies underscore the significance of symmetry in human visual perception. Symmetry is characterized by
its automatic, rapid, and robust processing, with sensitivity to vertical and horizontal symmetry axes. Additionally, the presence of
multiple axes in mirror symmetry enhances symmetry detection accuracy while reducing reaction times (RTs). Despite recent
delineations of a symmetry cortical network in non-human primate visual cortical areas, a gap persists in our understanding of symmetry
perception. Our study aimed to evaluate a rhesus macaque's ability to discriminate symmetric and phase-scrambled non-symmetric
stimuli using a two-alternative forced-choice paradigm. Symmetry stimuli were regular textures with mirror symmetry. Initially, we
explored the influence of symmetry axis number by presenting stimuli with either single (horizontal or vertical) or dual axes of reflection
(combining both horizontal and vertical). Additionally, we varied the orientation of single-axis symmetric stimuli from 0° to 150° in 30°
increments to examine the effect of orientation on discrimination. Consistent with human findings, rhesus macaques easily discriminated
symmetric stimuli, reporting accuracy for symmetric stimuli and for non-symmetric. Surprisingly, RTs were significantly longer for
symmetric versus non-symmetric stimuli, suggesting increased engagement in screening symmetry patterns. Interestingly, while
increasing axis number improved symmetry detection in humans, double-axis symmetry exhibited significantly higher RTs compared to
single axes (horizontal or vertical), with slightly lower performance in monkey. Single-axis orientation manipulation revealed significantly
better performance of symmetry detection around cardinal axes (0° and 90°) compared to oblique ones, mirroring human observations.
In both experiments, a sustained greater pupil dilation was observed during symmetry stimuli presentation compared to non-symmetry,
as previously observed in human. Overall, these behavioral studies reveal that, like humans, macaque can easily discriminate symmetry,
possibly through a mix of similar and different mechanisms, shedding light on the complexity of symmetry perception.
Acknowledgements: NIH: P510D011092 and NIH/NIE EY013574-01.
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Impact of rhythmic movements on perception of realness of silicone-based artificial skin
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The distinction between silicone-based artificial skin and living human skin primarily lies in their capability for motion. Silicone objects
remain static unless acted upon by an external force, whereas living human tissue exhibits subtle movements due to physiological
functions such as breathing and heartbeat. These movements can significantly influence perceptions of skin appearance. This study
aimed to explore the effects of rhythmic movements on the realness of silicone-based artificial skin. Participants evaluated silicone sheets
with circular visible windows, assessing their realness and uncanniness. Two conditions were compared: a skin condition resembling
human skin in color and texture and a control condition featuring a gray sheet with black dots. Four rhythmic motion conditions were
applied to the silicone sheets (inflation and return repetitions) at 0, 20, 40, and 80 beats per minute (bpm), with a vertical motion extent
of approximately 3 mm. Results indicate that perception of skin realness was higher in the skin condition than in the control condition,
peaking at approximately 20—40 bpm in both cases. Furthermore, uncanniness increased linearly with movement speed in the control
condition, whereas no such trend was observed in the skin condition. These findings suggest that specific micromotion patterns
contribute to increased animacy and realness in artificial skin without significantly adding to its uncanniness.

Acknowledgements: This work was supported by JSPS KAKENHI Grant Number JP20K03487.
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One critical aspect of visual patterns is the interaction between their various characteristics. For instance, in numerical estimation
research, features such as the total element area and element density significantly influence perceived numerosity. Density, while
mathematically well-defined by considering both the number of elements and the area enclosed by a definite border, often fails to align
with perceptions of dot clouds, which lack defined boundaries. In this work, aiming to understand how the visual system integrates
information from dot ensembles to estimate area, we investigate whether the convex hull serves as a reliable proxy for the perceived
area of dot clouds, a common approach in literature. Observers compared pairs of patterns to select which appeared larger in area. Each
pair consisted of a dot cloud (N = 20) and the same dot cloud enclosed by its convex hull after being rotated randomly. Both dot cloud
and polygon patterns served as reference in half of the trials. The test pattern’s convex hull area varied as a fraction of the reference
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convex hull area. To assess the impact of dot organization on area perception, we used patterns ranging in regularity, manipulating
regularity by applying varying degrees of positional jitter to a square lattice of dots initially placed within a circular aperture. Data from
five observers were analyzed by fitting a cumulative Gaussian psychometric function. Results indicated that for all levels of regularity and
across all observers, the dot cloud was perceived to be of the same area as the polygonal pattern when the polygonal pattern was
noticeably magnified. The points of subjective equality (PSE) in terms of area magnification were significantly different to 1 (1.28, 1.24,
1.51, 2.03, and 1.31) for all subjects, across all jitter levels. No consistent dependency of PSE on dot regularity was observed.
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Subsequence search errors are less for targets embedded in a collinearly grouped structure
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In visual search, accuracy for the first target is usually higher than the second target, which is a phenomenon known as the subsequence
search errors. Previous studies showed that a more salient target (e.g., brighter than other items in the search display) showed fewer
subsequence search errors. This study aimed to explore whether a target embedded in a collinearly grouped structure can also reduce
subsequence search errors. Two experiments, each with 20 participants, were carried out. In Experiment 1, a search display with a
collinearly grouped structure was applied, and the target could either be on the collinear structure (on-target), in the background (off-
target) or not shown (0-target). Results showed that on-targets were more accurate than off-targets. Experiment 2 added a two-target
condition to the O-target and 1-target conditions. While in the two-target condition, an on-target and an off-target would be presented.
Results showed that on-targets had a higher accuracy than off-targets in the two-target condition. Our findings suggest collinear grouping
facilitates visual search and avoids subsequence search errors.

Acknowledgements: This study was supported by NSTC112-2410-H-039-010-MY?2.
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Exploring the subjective nature of conscious experience highlights the difficulty in understanding the experiences of other beings. While
objective facts about creatures are within reach, grasping their subjective experiences remains challenging due to our inherent subjective
perspectives. To bridge this gap, our research explored the feasibility of transferring the human attention system to a transformer-based
Image Encoder by refining its latent space with human attention heatmaps. We collected averaged heatmaps for 50 images from
CAT2000 dataset, highlighting the areas that individuals focused on during a visual description task. These heatmaps were then
incorporated into the Image Encoder's fine-tuning process. By comparing the linguistic outputs before and after the heatmap transfer,
along with human evaluation of stimuli, we observed a significant impact on the model's performance, particularly in stimuli related to
social contexts. These results provide valuable insights into enhancing machines' human-like qualities by aligning their attention with
human behavior, offering a pathway to better understand and replicate complex cognitive processes.
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Saccades’ kinematic is well defined through the Main Sequence (MS) that links saccade amplitude, duration, and peak velocity. While a
study showed that the MS is repeatable under different experimental conditions (Gibaldi & Sabitini, 2021), another study found that it
differs between voluntary and involuntary saccades (Kaminiarz et al., 2009). In the same way, deviations from the MS had been observed
for saccades recorded during scene exploration which might be explained by interactions with the visual scene content (Costela & Woods,
2019). Our aim was to compare the MS variability for visually-guided and free-viewing saccades in a large group of participants. Method:
58 participants were eye-tracked. In Experiment 1 (Exp.1), they had to make saccades as fast and accurately as possible towards small
peripheral targets that appeared on the left or right side of a central fixation at various eccentricities (2, 4, ..., and 12°). Accurate saccades
(£1° around the target position) were used to compute individual MS. In Experiment 2 (Exp.2), they had to freely explore 60 images of
natural scenes for 3 seconds each. Only horizontal saccades were analysed (+5° from horizontal). A two-parameters exponential model
of individual MS was estimated for both experiments using bootstrapping. For each amplitude bin, the mean absolute percentage errors
(MAPE) were computed between peak velocities estimated by the MS model and those observed for visually-guided (Exp.1) and free-
viewing (Exp.2) saccades. Results: Individual MS were significantly different between experiment and the mean MAPE scores were higher
for Exp.2 than for Exp.1 for all amplitude bins and even higher for larger amplitudes. Conclusion: The MS varies with the saccades type
(visually-guided or free-viewing). These results need to be discussed considering the fact that MS also depends on others factors like
saccade latency, saccade gain and target size.
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Through engaging with others socially, we can quickly and accurately form impressions of them based on their behaviour (their social
value) and what we get from them (their reward value). When others’ negative social value is incongruent with their positive reward
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value, most place more importance on the behaviour rather than the outcome when forming an impression. This work sought to
investigate if similar patterns exist when interacting with social robots to better understand how people might build trust and liking with
robots. It was hypothesized that the negative impressions participants form towards robotic stimuli would not be as strong as the
negative impressions towards human stimuli. Participants played a card game in which they were tasked with guessing if the value of a
hidden card was higher or lower than a revealed card. They were aided by four unreferenced faces, two robots and two humans. One
robot and one human would always look towards the correct answer (the veridical faces) whilst the remaining two would always look
towards the incorrect answer (the non-veridical faces). Importantly, these gaze cues were deterministic — once participants learned
which faces indicated the right answer and which the wrong, they could easily use either piece of information to discern the correct
answer. As a consequence, participants were equally accurate with, and earned the same amount from, veridical and non-veridical faces.
Therefore, all faces had positive economic reward value, but non-veridical faces that may be perceived as deceptive, had negative social
value. When judging strangers, participants liked humans and robots equally. However, participants judged the non-veridical robot more
harshly than the non-veridical human and liked the veridical robot less than the veridical human. This suggests that robots may benefit
less from positive social value and suffer more from negative social value than their human counterparts.
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Generative adversarial networks (GANs) are a recent technique to approximate the generative model underlying any corpus of data.
GANs hold great potential as a tool for cognitive and vision science, equipping researchers with the ability to generate a theoretically
infinite number of well-controlled, complex visual stimuli. Several early GAN applications show great promise in shedding new light onto
important topics in cognitive science. However, to unlock the full potential of GANs, we need a better understanding of the
correspondence between human and GAN representations. In the present project, we evaluate the category representations developed
by conditional GANs using human visual category learning. Specifically, we asked whether humans can learn to categorise class-specific
GAN-generated images, and if so, whether they can generalise that knowledge to real samples. Two groups of participants first learned
to categorise either real or GAN-generated histology samples depicting benign or malignant breast cancer. After learning, all participants
were probed for generalisation to novel samples from both image sources. Categorisation performance, as indexed by sensitivity and
bias, showed no reliable differences between groups during training. During generalisation, categorisation performance with samples
matching the image source seen during training was maintained. Most critically, categorisation performance seamlessly generalised
across image sources: participants trained with GAN-generated samples were as sensitive and unbiased in categorising real samples as
those trained with real samples, and vice versa. These results support a close correspondence between how humans and deep networks
represent natural categories. We discuss future research avenues exploiting the categorical knowledge developed by GANs to revisit
classical findings built upon simplistic stimuli (such as Gabor patches). Also, in a more applied vein, we underscore how these findings
might help design training schedules that speed up the development of visual expertise.

Acknowledgements: V.N. was funded by UK Research and Innovation (UKRI) under the UK government’s Horizon funding guarantee
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projects.

282
Looking from different angles: Alternative perimetry methods complement each other

Henning Schulte!, Yuging Cai?, Birte Gestefeld!, Christoph Strauch?, Jan-Bernard Marsman?, Stefan van der Stigchel?, Jeroen Goossens3,
Teuni ten Brink?, Frans W. Cornelissen?, Marnix Naber?

1UMC Groningen (NL), 2Utrecht University (NL), 3Donders Institute, Radboud University Nijmegen (NL)

Introduction: Standard automated perimetry (SAP) is difficult to perform by various patient groups and can be unreliable. The
requirement for sustained fixation over the course of testing and the need for giving feedback in form of a button press often leads to
retakes and is a strain on patients and ophthalmological care units. Recently, various attempts have been made to design perimetry
methods that overcome some of these limitations. The novel methods rely on different, but potentially complementary information. In
the current study, we compare two novel approaches for assessing the visual field in two separate participant groups with respect to
their individual and complementary effectiveness for detecting and reconstructing visual field defects. Methods: Data was acquired by
having participants view 1-min movie clips while their gaze and pupil size were recorded with an eye tracker. Both a gaze-based and a
pupil-size-based method were applied on the data from 32 participants with glaucoma and 20 participants with hemianopia and
compared to a similar number of visually healthy control participants. The gaze-based approach relies on contrasting saccade
characteristics of participants with a visual impairment and age-matched controls. The second approach uses the pupil data obtained in
the same measurements. Results: Preliminary results showed that the saccade-based approach was particularly reliable at discriminating
participants with glaucoma from controls. However, results in the hemianopic participants were less precise and may have been affected
by adaptive viewing strategies. In contrast, the pupil-based method was not affected by this and reliably categorized quarter- and
hemifield damage but underperformed in segregating participants with glaucoma from controls. Conclusion: We conclude that the
results obtained using novel perimetry methods that are based on movie-watching data complement each other. In particular, a data-
driven combination of their visual field predictions may therefore become a suitable alternative to SAP.
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Costs of Switch between Perceptual Discrimination Tasks of Unequal Strength
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The ability to switch between goals in response to environmental stimuli is essential to function effectively in dynamic and complex
multitasking environments. While cognitive control allows for rapid adjustments of cognition in accordance with newly relevant tasks,
this flexibility comes with performance costs. These costs are traditionally studied in situations where people switch between tasks that
involve static, simple and unnoisy stimuli that are unrepresentative of most real-world performance environments. In the present study,
we examined task-switching performance with tasks more reflective of the processing demands of complex operational environments,
incorporating dynamic, complex and noisy stimuli. In a cued task-switching paradigm, participants had to respond to random-soldier
kinematograms (with soldiers as stimuli objects instead of dots) that had two properties: soldiers’ motion direction and uniform colour.
Participants had to discriminate the prevalent direction of motion (motion task) or the prevalent uniform colour (colour task) in two
types of experimental blocks: pure blocks (trials of same task) and mixed-task blocks (both tasks presented randomly, resulting in task-
switch or task-repeat trials). A difference in task strength derived from stimulus-response compatibility (S-R mapping was aligned with
the direction of motion in the motion task, but was arbitrary in the colour task). Two performance costs were assessed: mixing cost (pure
minus single-task trials) and switch cost (task-switch minus task-repeat trials). The results showed significantly poorer performance
(slower and more error-prone) in task-repeat trials than in pure trials, indicating mixing cost, as well as in task-switch than in task-repeat
trials, indicating switch cost. Switch cost was also found to be asymmetric: larger switching costs in switching to the (dominant) motion
task than to the (weaker) colour task than in the opposite direction. This provides evidence that, in task-switching situations, a dominant
task receives more inhibition than weaker ones to counteract task-set carry-over to subsequent trials.
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Schizophrenia is associated with atypical emotion recognition, but there is variability in the results which highlights the limitations of
using fixed facial configurations to measure emotion recognition. We used a genetic algorithm (GA) approach that allows participants to
create facial expressions of emotions, resulting in an estimate of their unique internal representations of facial emotions (Binetti et al.,
2022). 21 individuals with schizophrenia (female=7; mean age=37.5, SD=8.83) and 21 typical individuals (female=13; mean age=30.9,
SD=11.5) used the GA to create computer-generated facial expressions to represent happiness, fear, and anger. Across 8 iterations,
participants selected expressions (maximum of 10 per iteration) that represented the target emotion. The selected faces were
recombined to create the next iteration of faces in a process that imitated evolutionary breeding with mutations, converging on a final
facial configuration (termed “elite face”). Each sample face was defined by weights on 150 blendshapes, which are avatar expression
features. Our analysis was focused on 40 core blendshapes that approximate biologically plausible facial muscle actions as captured by
FACS. Principal component analysis was applied to subjects’ elite faces and the principal components (N=17) that explained 68.7% of the
variance were selected for further analysis. We measured the dissimilarity between subjects’ elite face and the neutral face (distance
from neutral), as well as subjects’ elite face and the average elite face for each emotion category across groups (distance from centroid).
We found a nonsignificant effect of clinical group on distance from neutral (F(1)=0.9, p=.34), but that the distance from centroid was
significantly higher for individuals with schizophrenia compared to typical individuals (F(1)=5.1, p=.03). These findings suggest that
impairments in emotion recognition in schizophrenia may result from increased variability in their internal representations, which may
be poorly suited to standard methods of testing.
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Research shows that perceivers consistently extract information from faces to judge whether others are attractive, trustworthy or
dominant. However, there is also substantial variability among perceivers when making these social judgments. We seem to use our own
dispositions as frameworks for making judgements about others, so could it be that two people who are similar in their dispositions also
tend to make more similar social judgements? A consistent understanding of others may serve as a foundation for our social relationships,
be it platonic or romantic. The present study investigated whether dyadic similarities in participants’ own dispositions are related to
similarities in their social face judgments. 307 participants based in the UK rated 24 faces on 6 social traits. Participants also rated
themselves on 13 social traits and completed a 60-item personality questionnaire. We computed dissimilarities between pairs of
participants for face judgments, self-perceived trait ratings, and personality ratings, resulting in three separate dissimilarity matrices.
Each entry in each matrix depicted pairwise distances in ratings between participants. Using representational similarity analysis, the
three matrices were then correlated with each other. Results showed that both the self-perceived trait and personality matrices were
significantly correlated with the face judgement matrix (rho=0.13, p<.001 and rho=0.19, p<.001, respectively). These results indicate that
participants with more similar personalities and social trait dispositions were more likely to make similar social face judgements.
Importantly, these associations were stable even when controlling for age, gender, ethnicity, and geographical location (Self-perceived
traits: B=.19, R?=.061, F=613.69, p<.001; Personality: B=.19, R?>=.078, F=795.01, p<.001). These findings show that people who are more
similar to each other also perceive the world in a similar manner. This may form the basis for how we gravitate towards others, build
connections and form relationships.
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The flexibility of cue combination in response to new physical and social information
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We live in an ever-changing environment, requiring our information processing systems to remain flexible to experiences we make
throughout life. A central process that would offer such flexibility is cue integration: driven directly by the instantaneous reliability of
sensory cues as well as long-term established predictive priors, cue integration sits at the intersection of perception and cognition. Yet,
we know little about its plasticity in adulthood. Two distinct, yet important contexts in which cue integration can offer considerable
flexibility is via: (1) increasing perceptual precision by adopting novel cues to physical environmental properties, and (2) adjusting
perceptual representations by their direct self-relevance. In a series of studies, we assessed how flexible cue integration is to the physical
and social context. Firstly, we assessed whether and how adults learn to integrate novel, auditory cues with familiar, visual disparity cues
to enhance depth perception precision. Using large-sample (n = 60) and small-sample (n = 8) training paradigms, we show that robust
inter-individual differences exist and persist despite perceptual training. This suggests not only limited flexibility towards sensory
experience in adulthood, but also pre-existing differences in the propensity to integrate specific cues. Secondly, we assessed whether
audio-visual integration is malleable to instantaneously induced self-relevance. By measuring perceptual biases, our results show that
integration is modulated by social relevance, depending on the individual’s self-bias strength. Computational modelling suggests that
social modulation functions similarly to perceptual priors, allowing individuals’ self-representations to exert a stronger or weaker
influence on perception. Taken together, these findings show that cue integration offers flexibility in how we perceive and respond to
our environment, specifically through the modulation of priors. However, they also suggest that stark individual differences exist in the
flexibility to adopt novel sensory cues, highlighting the need to adopt a stronger focus on individual differences in contextual flexibility.
Acknowledgements: Part of this project has received funding from the European Research Council (ERC) under the European Union’s
Horizon 2020 research and innovation programme (grant agreement No. 820185). Another part received funding from grant from the
Leverhulme Trust (RPG-2019-010).
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Pareidolia is the tendency to perceive meaningful structures, such as faces, in images where none exist. Images with vertical symmetry
have been found to be particularly potent sources of pareidolia. However, it is yet to be established whether images with vertical
symmetry elicit the perception of more meaningful structure in general or whether the effect of symmetry is specific to animacy-related
percepts. Here, participants were shown greyscale images of fractal noise patterns and instructed to report any structure that they
perceived. Overall, there was a greater number of responses for stimuli that were symmetrical around the vertical mid-line than for
purely random patterns. This was also true when either animacy-related responses or inanimate responses were isolated. Crucially,
however, the proportion of animacy-related responses was consistently higher for vertically symmetrical images. Thus, not only do
vertically symmetrical images elicit the perception of more meaningful structure in general, they also lead to a disproportionately high
number of specifically animacy-related percepts. We suggest that the finding that vertical symmetry serves as a cue to animacy can be
understood as follows. Even if an object is symmetrical, it will only generate a symmetrical image on our retina if it is viewed from a
particular viewpoint. If that object tends to orient itself towards us then the chance of a symmetrical image resulting is greatly increased.
Thus, given a vertically symmetrical image, it is likely that the source itself is animate and our visual system is correspondingly likely to
arrive at an animate interpretation.

Acknowledgements: Australian Research Council Discovery Project DP200100003.
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The tolerance for changes in eye size on perception of face identity

Megumi Kobayashi®, Akari Matsukawa?

INiigata University (JP)

Recently we have been able to easily manipulate our mug shots, e.g., changes in eye sizes and shape of facial contours, etc. However,
excessive manipulations of facial photographs sometimes let us perceive even familiar people as different people. This phenomenon
suggests that we have some threshold for facial manipulations to tell the faces as identical. In the current study, we examined the
tolerance for changes in eye size on the perception of facial identity. Thirty-two young adults participated in the experiment to ask
whether two images of adult female faces presented sequentially were perceived as the same person or not. Each participant was tested
with 12 conditions: the same condition (two stimuli were the same identity and veridical depiction: 0%), the different condition (two
stimuli were different identities), and the eye-size-manipulated conditions (10 conditions: two stimuli were the same person, but the eye
size of one stimulus was manipulated from -100% to +100% in increments of 20%). We calculated the mean percentage of responding
“same” in each condition. First, we confirmed that participants responded correctly for the same (88.91%) and different (2.03%)
conditions, with significant differences from chance level (50%). Second, when the eyes were expanded (between +20% and +100%),
participants perceived two face stimuli as different persons even with the eye size difference of 20%. In contrast, when the eyes were
contracted (between -20 % and -100%), the eye size difference of 60% was needed when participants perceived two face stimuli as
different persons. These results imply that (1) we may perceive two faces as different people not only when manipulating the spacing of
facial features (e.g., Le Grand et al., 2001) but also when manipulating the size of facial features itself, (2) we have a different sensitivity
between to the expansion and contraction of eyes.
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Prior Scene Information Facilitates Face Detection in Natural Settings
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Humans show a remarkable ability to rapidly and accurately detect faces across various scenes. However, the extent to which scene
context and visual features influence the rapid detection of faces remains largely unexplored. Here, we investigated how prior scene
information affects face detection behavior and identified visual features critical for detecting faces in natural settings. We curated a
stimulus set of 120 natural scenes from 12 indoor categories, each containing a single face. For each image, we annotated both basic
image features (e.g. face size) and extracted high-level visual features using CNNs. To assess the effect of prior scene information, we
generated face-less versions of each scene. In an eye-tracking experiment, 38 participants performed a face detection task while we
measured the latency until their first saccade landed on the face. Before each target scene, participants viewed a brief preview (250 ms)
of either the face-less scene or a neutral gray screen. We found that faces were detected significantly faster in the preview condition
than in the no-preview condition (mean time to fixation: 207 vs. 216 ms; p<0.001), with detection latency also varying significantly by
scene category (p<0.001). An encoding model analysis revealed that visual features explained varying amounts of variance in face
detection latency, with most variance explained by high-level CNN features. Interestingly, all features explained significantly less variance
in the conditions with prior scene previews. Our results show that prior information about a scene enhances human face detection
capabilities and that existing feedforward models fall short in predicting face detection latency in those scenarios, suggesting the need
for more complex, possibly recurrent neural network models to fully capture these visual processing mechanisms. Overall, our study
elucidates the role of scene context in face detection and advances our understanding of the critical features underpinning face
processing in natural settings.
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Perception of angry facial expressions is enhanced by somatosensory cues for avoidance
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Our previous study reported that self-avoidance behaviors facilitate the perception of others’ facial expressions as angry (Kobayashi et
al., ECVP2023). However, unknown is which avoidance-behavior factors promote the perception of angry facial expressions. Thus, this
study conducted a psychophysical experiment to identify the causes by focusing on changes in somatosensory and visual cues. A 3D
avatar stimulus’s facial expressions in a virtual reality space varied from happy to angry. Participants wore a head-mounted display and
were asked to do either of the following before judging the avatar’s facial expression: 1) move away from the avatar; 2) move away from
the avatar while keeping spatial relations between the participant, avatar, and room (only provided somatosensory cues); 3) not move
but participants see a video in which the participant moved away from the avatar in the first-person view (only provided visual cues);
and 4) not move and just see the avatar. The results showed that the avatar’s face in Condition 2) was perceived as the angriest,
suggesting that somatosensory cues to avoid the avatar facilitate the perception of angry facial expressions, even if visual cues for self-
avoidance, were not provided. Additionally, the participants interpreted this context as being followed by an avatar that threatened
them, suggesting that this context may have facilitated the perception of angry facial expressions. Therefore, these findings suggest that
somatosensory cues enhance angry perceptions of others’ facial expressions and the context as being followed by others may operate
it.

Acknowledgements: This work was supported by JSPS KAKENHI, Grant Numbers JP22K17987, JP20H05956, and JP20H04273.
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Two experiments are presented concerning the Takete/Maluma phenomenon, which involves presenting participants with two abstract
shapes (one curvy/roundish, the other angular/pointy) and two non-words (one characterised by a ‘smooth’ sound, the other by a ‘sharp’
sound). Participants tend to associate the curvy shape with the smooth sounding non-word, and the angular shape with the sharp
sounding non-word. Our research expands on such phenomenon by investigating the correspondence between abstract shapes and
affective traits. In experiment 1, 122 native ltalian speakers were presented with nine abstract shapes and ten non-words: three
characterised as sharp sounding, three as soft sounding, two as mixed sounding, and two which sounds may remotely recall the name of
geometrical figures (tigano for triangolo-triangle; kiquoda for quadrato-square). Each shape was presented singularly, and participants
had two tasks: 1) choose a name for the shape among the list of non-words; 2) select an affective trait that best described the shape
(good, bad, angry, sad, scared, joyful, calm, pleasant, bored, melancholic). In Experiment 2, 193 native Russian speakers saw the same
visual stimuli; the tasks associated with each shape were three: 1) choose a name for the shape from the list of non-words (transposed
into Cyrillic); 2) choose a non-word that best describes the shape from a list of non-words (the Italian affective words transposed into
Cyrillic); 3) select an affective trait that best described the shape from the list of words translated into Russian (experiment 1, task 2).
Results: a) the naming task did not lead to clearcut results in either experiment; b) the assignment of affective traits (task 2 exp. 1; task
3 exp 2) were practically identical in both experiments; c) the assignment of non-words derived from Italian affective words transposed
into Cyrillic (task 2 exp. 2) was basically random, not influenced by how they sound.
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Artificially created human faces play an increasingly important role in our digital world. However, the so-called uncanny valley effect may
cause people to perceive highly, yet not perfectly human-like faces as eerie, bringing challenges to the interaction with virtual agents. At
the same time, the neurocognitive underpinnings of the uncanny valley effect remain elusive. Here, we utilized an
electroencephalography (EEG) dataset of steady-state visual evoked potentials (SSVEP) in which participants were presented with human
face images of different stylization levels ranging from simplistic cartoons to actual photographs. Assessing neuronal responses both in
frequency and time domain, we found a non-linear relationship between SSVEP amplitudes and stylization level, that is, the most stylized
cartoon images and the real photographs evoked stronger responses than images with medium stylization. Moreover, realness of even
highly similar stylization levels could be decoded from the EEG data with task-related component analysis (TRCA). Importantly, we also
account for confounding factors, such as the size of the stimulus face’s eyes, which previously have not been adequately addressed. In
this work we thus established an objective approach for detecting uncanny valley effect using neural recordings which in turn can be the
basis for characterization of artificially created human faces. As a next step, we generated a new, more naturalistic dataset of face images
with subtle changes from cartoon to real faces, which we envision — together with normative ratings of perceived realness and
appealingness acquired in an online study — to serve as a basis for further studies on the realness perception and the uncanny valley
effect.

Acknowledgements: This work was supported by the cooperation project between the Max Planck Society and the Fraunhofer
Gesellschaft (grant: project NEUROHUM).
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Developmental Dyslexia (DD) is a neurodevelopmental disorder affecting approximately 10% of the population, characterized by
impaired reading efficiency resulting from suboptimal letters/words segregation and saccadic control. These deficits are likely to depend
on dysfunctions of the magnocellular dorsal (M-D) stream. Mounting evidence linked specific functions of the M-D stream to the beta-
band (15-25 Hz) activity in the parietal cortex. In the present study, we combined reading acceleration training with high-definition
transcranial alternating current stimulation (tACS) to increase reading speed in adults with DD. Participants (N = 27) took part in a 12-
session training protocol and were allocated to two different training groups that performed a reading acceleration task for 40 minutes
in each session. Concurrently with the task, the tACS group received beta (18 Hz) tACS over bilateral parietal sensors while the Sham
group received a placebo stimulation. Before and after each session, resting-state EEG, self-paced reading speed, and gaze were
recorded. Results showed that for slower readers, self-paced reading speed increased faster throughout sessions in the tACS group
compared to Sham. Moreover, the tACS group also showed a faster reduction of regressive saccades across sessions with respect to the
Sham group. Resting-state EEG showed differential modulations of beta power and frequency between the two groups throughout the
training and also changes in the aperiodic component (i.e. exponent) of the spectrum. These results suggest that modulation of parietal
beta activity may strengthen the efficacy of visuo-attentional reading training and optimize oculomotor control in DD. Moreover, they
show that multi-session beta tACS impacts neural oscillations and excitation/inhibition balance, potentially promoting plastic changes in
the brains of individuals with DD.

Acknowledgements: This work received financial support from ‘Fondazione Regionale per la Ricerca Biomedica’ of the Region Lombardy
(Early Career Award Grant to L.R.; ID: 1751150).
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Objectives: Using an ‘attentional isolation’ behavioral paradigm (forcing subjects to perform a 30-min unilateral task, while being
presented with a bilateral task), we have recently demonstrated that this manipulation results in a subsequent increased performance
in the ‘isolated’ visual field. The present study aims to replicate and extend these results by combining behavioral intervention with brain
stimulation (tRNS). Specifically, we sought to explore the repercussions of attentional isolation in the contralateral, isolated visual field,
concomitant with the application of tRNS. Material and Methods: Sixty-five participants were enrolled in this study. We used a bilaterally
presented Multiple Objects Tracking (MOT) task, where subjects were asked to track a subset of dots among distractors. Subjects were
randomly assigned to two different manipulation groups. Group 1 performed right unilateral MOT, Group 2 performed a left unilateral
MOT. During the unilateral manipulation, subjects had to actively ignore one hemifield (isolated) while performing the task in the
attended hemifield. In a counterbalanced order, subjects underwent both sham and active stimulation. tRNS was delivered at 2mA, at
101-640Hz. Results: We found prolonged unilateral tracking increased performance in the isolated visual field in the sham condition.
However, unilateral right active tRNS nulled the post-manipulation benefit of attentional isolation. Conversely, unilateral left tRNS
maintained the post-isolation benefit. This reveals a hemisphere dependent response to stimulation. Discussion and conclusions: The
study observed an asymmetry in response between left and right frontoparietal stimulation. This difference may be explained by the
different neural responses of the two hemispheres when engaged in a sustained visuospatial task. Consequently, it unveils the potential
to modify hemispheric balance through frontoparietal tRNS, leading to a dissociation in responses between the left and right
hemispheres. Crucially, this study may open new rehabilitation strategies for spatial neglect.
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Rapid visual motion priming effects partially explained by response artefacts rather than perceptual effects
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Motion aftereffects have been widely studied to better understand mechanisms of adaptation that can arise after exposure to a
particular direction of motion for several seconds. There is also evidence that adaptation, as well as motion direction priming, can arise
with much shorter timescales on the order of tens to hundreds of milliseconds. In such studies, directional motion stimuli (e.g., gratings
drifting left or right) have been presented for very brief intervals and followed by an ambiguous motion stimulus with, in some cases,
only tens of milliseconds of between the two stimuli. For the briefest directional stimulus durations and shortest inter-stimulus intervals,
the ambiguous stimulus tends to be perceived as having the same direction of motion as the preceding directional stimulus (i.e., priming).
For longer directional stimulus durations and intervals, adaptation has been shown (i.e., different perceived directions of motion). Here,
we replicate these rapid priming and adaptation effects but demonstrate that at least some of the rapid priming effects can be attributed
to participants’ inability to resolve two separate stimuli in the very brief presentations required to elicit these effects. In our experiments,
in addition to asking about perception of same/different motion, we also assessed participants' ability to distinguish whether only one
or two stimuli were present. Our data suggest that participants tended to perceive only one stimulus at the short stimulus durations and
inter-stimulus intervals and were biased towards “same” responses which, artefactually we argue, indicated "priming". In contrast, when
participants correctly perceived two separate stimuli, they were much less likey to show priming effects. Thus, we argue that previous
results did not represent a true rapid priming effect. Instead, we argue the results arose artefactually from the task and response
constraints. Previous results demonstrating rapid visual motion priming need to be reassessed in light of these findings.
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Aim: This study aimed to explore the effectiveness of a custom-built eye-guided video game in improving visuomotor, visual, and
attentional skills involved in reading in healthy older adults. Method: Forty healthy participants aged over 65 were included in the study.
They underwent a battery of cognitive, visual, attentional, and reading tests to assess their initial cognitive performance and register
changes after a training period. Only the experimental group (N=19) performed training sessions with three custom-built eye-guided
video games aimed to train saccades, fixations, and pursuit movements. Specifically, the first eye-controlled video game was
“Gamabunta”, for training attention, saccades and fixations; the second was “No Remora”, to train attention and pursuits; and the last
eye-guided video game was “Umbrella” aimed at training attention, fixations, saccades and pursuit. Participants in the experimental
group performed ten sessions, each made of 45 minutes, two times a week over five weeks. The control group (N=21) underwent the
assessments before and after the same time but did not engage in any training. Results: Only participants in the experimental group
improved their reading and visual abilities. Specifically, after the training, they showed a decrease in reading time, a reduction in the
number and duration of fixations, and an increase in the amplitude of saccades. Furthermore, improvements in contrast sensitivity and
the perception of near vision quality (NAVQ) were registered in the training group after the training. Instead, no changes in attentional
parameters were observed. Conclusion: Our findings indicate that custom-built eye-guided video game training enhances reading
abilities and oculomotor performance in healthy older individuals without direct training in reading. This could be due to an improvement
in basic oculomotor and visual skills, emphasizing the potential benefits of this approach for cognitive enrichment in healthy older adults.
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Purpose: An investigation of fine spatial judgements perturbed by a brief temporal gap in one case, and motion on the other, in people
with dyslexia to understand whether people with dyslexia’s (known) impaired temporal perception impacts on their ability to make fine
spatial judgements which is crucial for reading. Methods: Thirty adult participants were recruited in this study. They were equally
separated between the two groups and were demographically comparable. A temporal order judgment task of two stimuli rapidly
presented was performed to measure the temporal acuity in addition to a bisection spatial task which consists of two flanking bars and
a bisector which flashes in between to measure spatial acuity. The spatial task had three different test modes: static, jitter (where stimuli
jitter around in Brownian motion), and a static with a temporal gap between flankers and the bisector. Also, to characterise dyslexia,
reading ability tests and an intelligence test were performed in addition to visual stress symptoms tests. Results: In agreement with the
literature, a distinguished temporal processing deficit in people with dyslexia was observed. Spatially, and despite dyslexics being less
precise in every test mode, the difference between groups was not significance. Similarly, thresholds were slightly/insignificantly higher
in dyslexia group. The temporal deficit in dyslexia mildly correlated with reading ability performance and visual stress symptoms.
Conclusion: People with dyslexia have poorer spatiotemporal processing compared to controls. The temporal deficit in dyslexia correlates
with both reading skills and stress symptoms which warrants further investigation.
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Evidence suggests that eye movements can be biased toward action- and memory-relevant locations. While the link between oculomotor
behaviour and planned actions has been studied extensively, it is not yet clear what factors modulate memory-driven eye movements.
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We investigated oculomotor activity during maintenance of verbal and visuospatial representations using a paradigm that allows the
disentangling of rehearsal from output preparation. To achieve this, we presented participants with a list of seven digits or squares within
a grid on one side of the screen and asked them to recall on the opposite side either the full list (Experiment 1) or three retro-cued items
(Experiment 2). Both experiments revealed that during maintenance the encoding side was both more likely to be fixated and was fixated
for longer in the square recall task compared to the digit recall task, with no clear memory benefit or cost associated with this pattern.
These findings add to a growing body of research by investigating oculomotor rehearsal of a list of items and by suggesting the type of
representation to be maintained as a key predictor of post-encoding eye movements.
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Interesting stimulus spaces are often high-dimensional, making exhaustive measurement of perceptual decisions infeasible. This creates
the need for adaptive experimental methods that efficiently explore the space. Current adaptive methods are either not suited to
classical, well-characterized psychophysical tasks (e.g. Gibbs Sampling with People) or do not scale well to more than 4 dimensions (e.g.
QUEST+). Here, we propose a particle filtering approach to approximate the posterior distribution of a multidimensional (logistic)
psychometric function with lapses online. Even for high dimensions it is fast enough to update the posterior between trials (order of 1
sec). This posterior allows one to select the next stimulus in the experiment such that the expected information gain is maximized. In
simulations, we show that with this method the entropy decreases between two and three times faster than when sampling stimuli
randomly for a 15-dimensional feature space (18-parameter psychometric function, with a 15-dimensional hyperplane, an intercept,
lower and upper asymptotes). We test the algorithm in simulations up to 50 dimensions and find that it is still fast and reliable. We
validate the algorithm in a human experiment on facial gender categorization. For faces of the Chicago Face Database, we compute
Active Appearance Model features (around 500 000 dimensions), perform dimensionality reduction to 15 dimensions using PCA, and
then create a pool of new face images by morphing between faces in the 15-dimensional space. Human participants label the faces as
“male” or “female”. The adaptive method is more than twice as efficient as random sampling in terms of entropy minimization, but
predictive performance shows mixed results. Overall however, models created with our adaptive technique allow the measurement of
perceptual decision functions in stimulus spaces that were previously infeasible.

Acknowledgements: Funded by the Hessian research priority program LOEWE within the project ”WhiteBox”.
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Previous neuroimaging studies have identified distinct regions in the posterior parietal cortex that are selective for observing different
action classes, such as locomotion, self-directed, and manipulative hand actions. Behavioral studies investigating these classes using
perceptual discrimination tasks further provided evidence of differences in decision parameters between the aforementioned action
classes. A counterpart of a decision variable signal in the brain, the centro-parietal positivity (CPP), has been commonly observed in
perceptual decision-making tasks facilitating simple or artificial stimuli such as random-dot motion; however, whether its existence and
properties can be generalized to more complex and natural action stimuli remains unclear. In the present study, human participants
(N=17) completed three EEG experiments in which they were asked to discriminate between two action exemplars of a specific action
class (i.e., locomotion, self-directed, or manipulation). We created four coherence levels for each exemplar to inject noise into the
decision process. Our behavioral results show that the response times and miss-rates decreased as the coherence level increased. On
the other hand, EEG results showed that CPP was elicited in all three experiments, with its peak amplitude tracking the coherence level
of the stimuli. A repeated measures ANOVA on the mean amplitude of CPP indicated the main effects of action class and coherence level.
These results suggest that the decision-making mechanisms involved in the visual perception of natural actions share similarities with
those active for simpler stimuli but action classes differ from each other in terms of certain decision variables.
Acknowledgements: The research is supported by TUSEB-B 27732 grant.
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Although the visual system is mostly exposed to scenes with three-dimensional (3D) objects under multiple illumination levels, most
lightness models were designed for scenes containing two-dimensional (2D) objects. However, in the case of multiple illumination levels
object’s lightness is computed based on its parts in the higher illumination (HI) and the parts in the larger field of illumination (LFI). In
this study, we wanted to test whether such rules can be further extended to real 3D objects as well as to virtual environments. In the E1
(N=36) real 2D and 3D objects were placed in an apparatus where shadow covered half of their surface. In E2 (N=40), the same scene,
illumination, and stimuli from E1 were virtually recreated (in graphics software BLENDER) and presented on a CRT display placed inside
the same apparatus. The same E2 setup was used in E3 (N=30) but with a virtual shadow enlarged to cover most of the object’s surface.
In all 3 experiments a real Munsell scale was placed inside of the apparatus and the lightness matches were collected for the whole
objects and for differently illuminated object parts. In E1&2, the lightness of the whole object was determined only by the matches from
the partsin the HI. In E3 object matches were a compromise between matches from the parts in the Hl and the parts in the LFI. Therefore,
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a comparable pattern of results was obtained for object matches for both real and virtual stimuli and for 2D and 3D stimuli. Based on
such results, we can conclude that the HI and LFl rules can be extended to 3D and virtual objects.
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'Make the light as bright as the sound is loud.' This is a typical instruction in experiments dealing with the cross-modal matching of stimuli.
According to the theory of global psychophysics (Luce, Steingrimsson, & Narens, 2010; Heller, 2021), in such a cross-modal task, the
perceived stimulus intensities are judged against respondent-generated internal reference intensities, all represented on a common
psychological scale. The internal references are distinguished with respect to their role in the experimental setup, that is, whether they
pertain to the standard or to the comparison stimulus in the matching task. By testing the theory of global psychophysics on cross-modal
data, the present study aims at thoroughly investigating the role-sensitivity of the internal reference intensities. Therefore, we replicate
a classical experiment by Stevens and Marks (1965), whose participants adjusted the brightness of a light to the perceived loudness of a
noise sound and vice versa. Complementing the traditional group-level analysis, we evaluate and model the data on the individual level.
We find that the cross-modal matching curves differ in slope, and show a regression effect as reported in the classical literature. In order
to experimentally manipulate the internal references' role-(in)dependence, we discuss a paired comparison task with an adaptive
staircase procedure as psychophysical method. With it, the subject is instructed to indicate the more intense stimulus. So there is no
'standard' or 'comparison' stimulus for the subject and the internal references are expected to be role-independent. As a result, the
‘regression effect' should vanish.
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Increased subjective sensitivity to certain visual stimuli (e.g., repeating patterns, bright lights) is known to vary in the general population,
and also associate with several clinical conditions (e.g., migraine, synaesthesia, autism). We recently developed a novel questionnaire
measure based on bifactor modelling, the Cardiff Visual Hypersensitivity Scale (CHYPS-V), which assesses four highly replicable factors of
visual hypersensitivity. These include brightness (e.g., sunlight), repeating patterns (e.g., stripes), strobing (e.g., light flashes), and intense
visual environments (e.g., supermarkets). We used this measure in a large general population sample (n = 1841) to investigate whether
visual sensitivities show similarities across clinical diagnoses and areas of neurodiversity. Hypersensitivity to intense visual environments
was found to be particularly useful in distinguishing visual sensitivities experienced by individuals with clinical diagnoses from those
without, and differential patterns of sensitivities were established upon controlling for comorbid diagnoses. As anxiety was a common
comorbidity, subsequent analyses took a network approach to understand the shared structure of visual sensitivities and anxiety
symptoms more specifically. The resulting network was stable, and bridge strength analyses identified sensitivities to intense visual
environments and feelings of panic as key bridge nodes. This suggests that somatic symptoms of anxiety, as opposed to excessive worry,
may be important in understanding the development of visual sensitivities, and their association with anxiety more broadly. This network
analysis has subsequently been replicated (n = 595) using an alternative measure of anxiety, with comparable results found across
individuals both with and without autism. Overall, this work will be important in informing future causal design which considers how
intervening in central nodes could affect anxiety symptoms and aversive visual experiences, and enhance understanding of the complex,
interacting systems that contribute to these networks.

Acknowledgements: Wellcome Trust.
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Temporal Properties of Pupillary Synchronization During Human Communication

Kristen Lott!, Zahra Hosseinil, Nicholas Logan?, Nikolaus Troje?

York University (CA), 2York University, Centre for Vision Research (CA)

Conversations between individuals involve the subtle coordination of non-verbal and verbal processes. This coordination can emerge on
a behavioural level but can emerge on a physiological level, as well. Previous research has shown pupillary responses, a measure of
autonomic regulation, tend to synchronize between individuals during communication and that the strength of this synchrony is
indicative for the amount of engagement to the conversation. However, the exact temporal properties of the alignment in pupillary
responses during communication remains unclear. Specifically, it is unknown whether dialogue is characterized by precise
synchronization in pupil dilation between interlocutors or if systematic leader-follower relationships can be observed across
communicating dyads. Here, we collected pupillometry data from dyads engaging in a variation of the cooperative party-game, Heads-
Up. While playing, the roles assigned to participants were varied so that each participant spent half of the game as the “questioner” and
the other half as the “responder”. Synchrony in pupil dilation within each dyad was assessed using cross-wavelet power analysis, which
provides information concerning the degree of cross-correlation between signals across a range of frequencies and local temporal
windows to gain insight into leader-follower relationships. Results revealed that cross-wavelet power was highest on average within the
frequency range of 0.06 Hz to 0.12 Hz. Within these frequency bands, a significant phase shift was observed, indicating leader-follower
relationships that change systematically with the role of the participant in the Heads-Up game, rather than observing precise
synchronization. Together, these insights shed light on the complex spatiotemporal dynamics of pupillary responses during interpersonal
communication.
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Can changes in pupil diameter cause illusory visual motion?

George Mather?, Patrick Cavanagh?

1Universitty of Sussex (UK), 2York University (CA)

A well-known motion illusion can be seen in stationary patterns that contain repeated asymmetrical luminance gradients, which create
a sawtooth-like spatial luminance profile. Such patterns can appear to move episodically, triggered by saccadic eye movements and
blinks. The illusion has been known since 1979, but its origin is still unclear. Our hypothesis is that episodes of the illusory movement are
caused by transitory changes in the retinal luminance of the pattern that accompany reflexive changes in pupil diameter following eye
movements, blinks and pattern onsets. Changes in stimulus luminance are already known to cause impressions of motion in static
patterns that contain asymmetrical luminance gradients. To test the hypothesis, participants viewed static illusion patterns and made
controlled blinks or saccades, after which they pressed a button to indicate the cessation of any illusion of movement. We measured
changes in pupil diameter up to the point at which the illusion ceased. Results showed that both the amplitude and the duration of pupil
dilation correlated well with illusion duration, consistent with the role of retinal luminance in generating in the illusions. This new
explanation can account for the importance of eye movements and blinks, and for the effects of age and artificial pupils on the strength
of the illusion. A simulation of the illusion in which pattern luminance is modulated with the same time-course as that caused by blinks
and saccades creates a marked impression of illusory motion, consistent with the hypothesis that temporal luminance change generates
the illusion.

Acknowledgements: Supported by a Leverhulme Trust Emeritus Fellowship to GM, and NSERC Discovery RGPIN-2019-03989 to PC.
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How do expectations in potential information gain influence saccade decision and performance?

Thibault Desbordes?, Nadia Alahyane?, Alain Guillaume?

lVision Action Cognition Lab (FR)

Saccades bring selected objects from the environment into the high visual acuity fovea, allowing detailed analysis. Target selection could
be driven by the expected information gain after foveation. Saccades towards high informational value regions would be facilitated
compared to other less informational regions. We designed a saccadic decision task to study the effect of a decrease in information value
for a specific region of the visual field. We examined how participants learned this information value map alteration and how this
impacted decision processes. We also tested whether this informational value map update generalized to other oculomotor tasks. In a
learning phase, two identical peripheral Gabors were simultaneously presented on every trial, under four configurations (0°-180°, 45°-
225°, 90°-270°, or 135°-315°). Participants knew that the Gabors were the same but they had to select and foveate one of them to be
able to discriminate the orientation. For each Gabor position, 20% of trials included noise superimposition at the end of the saccade
making the discrimination impossible. For a given region (different between participants), this noise level was increased to 80%,
diminishing the informational value of this region. Results showed that participants tended, on an idiosyncratic rate, to decrease their
probability of choosing Gabors in the altered region. This probability change was used to compute a responsiveness index for each
participant. For participants with higher responsiveness only, both latency and accuracy of saccades made toward the altered region
increased. Basic reactive saccades and more internally-generated saccades tended to show a preference for non-altered regions
following the learning phase. Together, results illustrate how a learned distribution of informational values in the visual field impacts
saccadic decision making and performance, in order to maximize expected information gain. They also suggest that various oculomotor
behaviors may share a common informational value map.

Acknowledgements: Research supported by the PhD contract of Mr Thibault Desbordes.
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Exploring the neural basis of individual gaze in complex scenes

Diana Kollenda?, Elaheh Akbarifathkouhi!, Maximilian Broda?, Benjamin de Haas?

Justus Liebig University, Giessen (DE)

Recent research has demonstrated systematic individual differences in observer gaze when freely viewing complex scenes, with
prominent differences in the tendency to fixate faces, bodies and text. What is the neural basis of these individual biases? Independent
strands of developmental work in humans and non-human primates suggest ties between category-specific salience and corresponding
neural preferences in the ventral stream. Here, we conducted a two-part study with participants freely viewing 700 complex scenes in
an eye-tracking session, followed by a second, fMRI session. In the scanner, participants completed a standard localizer paradigm, aiming
to identify specific patterns of activity for six different object categories (face, body, limb, word, house and car) in the inferior temporal
cortex (IT). To date, we have tested 26 healthy adults (with a target of 60), who showed reliable differences in fixation biases towards
text, faces, bodies and limbs. We also observed substantial individual differences in the distinctiveness of corresponding patterns of IT
activity, a measure that has recently been associated with the development of category-specific neural preferences. Notably, we found
first evidence suggestive of a link between the immediate attraction of gaze towards faces and text during free-viewing and the
distinctiveness of corresponding IT patterns in the fMRI session (r = .41, p = .04 for text, r = .37, p = .07 for faces). This suggests that
people with a stronger tendency to fixate faces or text also have a more distinct representation of the corresponding stimulus category
in the ventral stream, a finding that needs to be corroborated by the full dataset once complete. Furthermore, we plan to test a potential
relationship between spatial individual saccadic biases and corresponding anisotropies in early visual field maps. Taken together, we
hope to learn how individual brains shape individual gaze and, ultimately, our perception of the world.

Acknowledgements: This work was supported by European Research Council Starting Grant 852885 INDIVISUAL; BdH was further
supported by Deutsche Forschungsgemeinschaft (DFG, German Research Foundation) Project Nos. 222641018-SFB/TRR 135 TP C9 and
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HA 7574/5-1 as well as "The Adaptive Mind", funded by the Excellence Program of the Hessian Ministry of Higher Education, Science,
Research and Art.
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People do not automatically avoid regions in which feedback about their movements is occluded

A. Burak Kurt?, Lorenzo Landolfil, Monica Gori?, Eli Brenner?

IIstituto Italiano di Tecnologia (IT), 2Vrije Universiteit Amsterdam (NL)

In daily life, people constantly make rapid choices. They choose where to place their feet on paths and their fingers on objects they are
grasping. When doing so they consider posture, and energy expenditure, but also uphold precision. An interesting question concerning
the latter is whether people automatically avoid moving in a manner in which the visual feedback about their own movement is occluded.
This could happen if an opaque item hides the moving limb, or if the limb moves through the blind region of a person with scotomas. To
examine whether anticipating occlusion influences rapid choices, we asked participants to perform a simple task in which there were
always three targets on a screen. The participants’ task was to move the cursor to any of the three targets as quickly as possible. Once
they reached a target, three new targets appeared. The background had regions of three different grey levels along the paths to the
three targets, such that the grey cursor was invisible for some time if it moved to one of the three targets. Participants did not avoid the
path along which the cursor disappeared, regardless of whether the cursor’s grey level changed with the appearance of new targets or
remained constant. Since it hardly took longer to reach targets when the cursor disappeared under these conditions, we gradually made
reaching the target without feedback more difficult until it did take longer. When it took longer, participants avoided moving through
the background that hid the feedback to some extent. These findings suggest that people do not automatically select movement paths
in which they will have feedback, but learn to avoid certain regions if they experience that moving through them results in poorer
performance.

Acknowledgements: This project has received funding from the European Union’s Horizon 2020 research and innovation programme
under the Marie Sklodowska-Curie grant agreement No 955590 (OptiVisT).
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Characterising the Neural Dynamics of Object-Based Attention in the Presence of Hemispheric Competition with M/EEG

Yuena Zheng?, Daniel Mitchell?, John Duncan?, Alexandra Woolgar?

1University of Cambridge (UK), ZMRC Cognition and Brain Sciences Unit, University of Cambridge (UK)

Selective attention is known to enable the brain to prioritise task-relevant information. However, the interaction between this top-down
controlled prioritisation and the brain’s inherent hemispheric dominance remains unclear. We investigated this question using
concurrent magnetoencephalography (MEG) and electroencephalography (EEG) recording combined with multivariate pattern analysis
(MVPA). In our task, participants viewed two visual objects from different categories on each side of the screen, selected the target based
on its semantic category (fish, boat or chair), and reported its colour (red, green or blue). The categories of both the target and non-
target object could be decoded from the pattern of activity across sensors, from approximately 80 ms after stimulus onset. Category
coding was initially similar for target and non-target, but target object coding was stronger than non-target coding from around 370 ms.
Subsequently, we performed source reconstruction and decoded object categories using data from the left and right visual, posterior
parietal, and prefrontal cortices. We found that each hemisphere coded for visual information from both sides of space, though
contralateral decoding was significantly stronger. We then examined the interaction between hemispheric dominance and attention by
analysing the decoding differences between contralateral and ipsilateral objects. Contralateral decoding consistently outperformed
ipsilateral when the contralateral object was the target, lasting until 700 ms. However, when the contralateral object was non-target,
the contralateral advantage was shorter lived, lasting only until 360 ms. This pattern was most pronounced in the visual cortex, less so
in the posterior parietal cortex, and minimal in the prefrontal cortex, where overall decoding performance was lower across conditions.
Our findings suggest that while hemispheric lateralisation dominates the early stage of visual processing, as the task progresses, the
brain gradually discards irrelevant information to form a more global state focused on encoding task-relevant information.

310
Visual Reference and its Impact on Consumer Assessment of Medication Dosage

Lea Laasner Vogt?, Daniele Catarci?, Ester Reijnent?

1IZHAW Zurich University of Applied Sciences (CH)

In Switzerland, the introduction of the prescription 1g tablet (in addition to the common 500mg tablet) of paracetamol led to significantly
more hospital admissions due to unintentional overdoses. A change in dosage is just one of the many causes of the increased risk of
unintentional paracetamol overdoses in consumers. The question is, can visually presented warnings in the sense of reference
information enhance consumers' accuracy in assessing medication dosage. To investigate this, participants (N = 324) in an online study
were presented with a fictitious medication package containing 1g or 500mg paracetamol tablets (factor: dosage) and with no or a visual
reference illustrating the correct dosage for adults (factor: reference). Participants then had to indicate, among other things, the
maximum daily dosage in tablets, with the possibility of adjusting their answers after consulting a package insert (factor: pre/post
package insert consultation). Significant main effects were observed for the between-subject factors dosage and reference (both p’s <
.001), with participants exposed to the 1g paracetamol dosage and the visual reference indicating significantly higher maximum daily
dosages. The within-subject effect of package insert consultation was also significant (p < .05), indicating adjustments of participants’
answers after package insert consultation. The significant dosage x pre/post package insert consultation interaction for the adult
reference group, for example, shows that the 1g group adjusts their assessments less than the 500mg group. Hence, contrary to
expectations, the provision of a visual reference did not improve dosage assessment accuracy. Furthermore, participants prescribed with
1g paracetamol dosage consistently indicated excessively high maximum daily dosages, even after consulting the package insert. These
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findings show the importance of exploring alternative strategies to enhance consumer awareness and mitigate the risk of medication
overdose.

311
No automatic post constancy representations of symmetry

Alexis Makin*

1University of Liverpool (UK)

Imagine a symmetrical arrangement of dots on a flat surface, such as a piece of card. When the card is viewed face on, in the frontoparallel
plane, the retinal image is also symmetrical. However, when the card viewed from an angle, the retinal image is not symmetrical. EEG
studies have found that visual symmetry generates an Event Related Potential (ERP) called the Sustained Posterior Negativity (SPN, Makin
et al., 2022). SPN amplitude is larger for frontoparallel than perspective symmetry when participants attend to dot luminance (Makin et
al., 2015). We predicted that this perspective cost would be reduced if additional visual cues were available to support 3D interpretation.
After all, shape constancy feels subjectively effortless: We rarely notice the changing shapes in our retinal image as we move and adopt
different vantage points. We measured perspective cost on SPN amplitude in four EEG blocks (N=120, within subjects design). These
were 1) the baseline block with no supporting cues 2) a monocular viewing block, 3) a block where a frame was presented before stimulus
onset, and 4) a block where a moving frame was presented before stimulus onset. Despite our pre-registered predictions, perspective
cost was similar in all four blocks. We conclude that the brain does not construct a post constancy representation of symmetry under
these conditions. Shape constancy may not be as ubiquitous as introspection leads us to believe.

References: Makin, A. D. J., Rampone, G., & Bertamini, M. (2015). Conditions for view invariance in the neural response to symmetry.
Psychophysiology, 52(4), 532-543. https://doi.org/DOI: 10.1111/psyp.12365

Makin, A. D. J., Tyson-Carr, J., Rampone, G., Derpsch, Y., Wright, D., & Bertamini, M. (2022). Meta Research: Lessons from a catalogue of
6674 brain recordings. ELife, 11, e66388. https://doi.org/DOI: https://doi.org/10.7554/eLife.66388
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Prediction-dependent biases in orientation oscillate in synchrony with saccades at alpha frequencies

Xinyu Xie?, David Burr?, Maria Concetta Morrone?

1East China Normal University (CN), 2University of Florence (IT), 3University of Pisa (IT)

Perception of a continuous world relies on our ability to integrate changing and discontinuous sensory signals, including signals at the
time of saccadic eye movements. In this study, we examined behavioral oscillations at the time of saccades to uncover how pre-saccadic
prior information influences the perceived orientation of a subsequent test stimulus during the saccade. In the task, a pre-saccadic prior
stimulus (a high-contrast grating patch) was briefly presented for 17 ms, after which participants made a horizontal or vertical 16°
saccade. At a random delay from saccadic target, the test stimulus, a brief 17-ms Gabor patch of six possible orientations (3592, +459,
+559), was displayed in the center of the screen. Participants (N = 24) reproduced the orientation of the test (in total 17327 trials). The
orientation judgments showed a strong average bias towards the orientation of the prior (serial dependence), especially when the test
stimulus appeared near saccadic onset, consistent with strong integration of past with current information during peri-saccadic
perception. In addition to the average bias, orientation judgments oscillated in synchrony with saccade onset at two frequencies. When
averaging data over all prior stimuli (so their effects cancel out), orientation biases oscillated at beta rhythms (~18 Hz), towards the
cardinal axes. Superimposed on the beta rhythms were strong oscillations at alpha frequencies (~9 Hz), towards the orientation of the
prior (similar for horizontal and vertical saccades). Oscillations in serial dependence suggest that alpha rhythms may be instrumental in
communicating perceptual expectations across saccades, helping to preserve stability in the face of eye movements.

313
Cross-modal reliability defeats the central tendency effect

Alessia Tonellil, Cameron K. Phan?, David Alais!

IThe University of Sydney (AU)

Several studies have shown a tight relationship between task domains and sensory modalities. Namely, vision is the most reliable sense
for processing spatial information, while audition is for time. Nevertheless, when the best modality is not available, perception could
become ambiguous, causing a reduction in performance. To resolve such ambiguity, our brain may utilise contextual information and
prior experience. One contextual effect is central tendency, where perception shifts towards the average of a set of stimuli experienced
in prior encounters, usually in the same modality. What happens when there is a potentially more reliable source of prior experience in
another modality? To test if perception in one sensory modality can benefit from a more reliable cross-modal prior, we used an
estimation task in which participants had to estimate the temporal duration or the spatial distance of randomly presented stimuli that
were either auditory or visual. The average of each type of stimulus was different and all differed from the overall mean. Therefore, it
was possible to test which of the three means influenced perception. We tested this hypothesis in both a spatial and a temporal
estimation task. In both tasks, perception in the less reliable modality (audition for space, vision for time) was biased towards the more
reliable modality, which suggests that the most influential contextual information is modality-based rather than central-tendency-based.
Furthermore, we tested various prior models to see which best fitted the experimental data, finding that the best model relies on priors
from the most reliable modality for the task. In conclusion, we find that the brain, to resolve perceptual ambiguity, can discriminate and
utilize the best contextual information available in any sense at that moment.

Acknowledgements: This work is funded by the European Union Horizon Europe research and innovation programme under the Marie
Sktodowska-Curie-2021-PF-01 grant agreement No. 101064748 (FLEX-U).
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Influences of Neural Oscillation Phase on Perception of the Tilt lllusion

Jessica Williams?, William Harrison2, Henry Bealel, Jason Mattingley?, Anthony Harris?

IThe University of Queensland (AU), 2University of the Sunshine Coast (AU)

Rhythmic influences on neural processing have been shown at multiple levels from synapse to behaviour and have inspired many theories
of the role oscillations may play in neural computation. Despite these convergent findings, the results of studies testing an association
between neural oscillation phase (e.g., a wave's peak vs. trough) and human perception are inconsistent. Several null results have
emerged in studies of phasic influences on visual discrimination, prompting questions about whether oscillatory influences on neural
processing have any impact on perceptual outcomes. In recent theoretical work, we proposed reasons why oscillation analyses may be
insensitive when associated with higher-level visual functions, potentially producing spurious null results. Here, we followed up on that
work, testing for an association between oscillation phase and visual discrimination in a low-level visual effect, the direct tilt illusion, in
which the perceived orientation of a central grating is biased away from the angle of an oriented surround. We titrated a central grating
to each participant’s perceived-vertical angle in the presence of an oriented surround of +30°. We then had them make forced-choice
reports of whether the central ‘vertical’ stimulus was rotated clockwise or counter-clockwise on each trial while we measured their brain
activity with EEG. We replicated the direct tilt illusion in both surround conditions. Furthermore, we found that the likelihood of
participants making an ‘illusion-consistent’ (i.e., repulsive) response fluctuated with the power and phase of pre-stimulus neural
oscillations in the 8-14 Hz ‘alpha’ range, consistent with an influence of these oscillations on the strength of the illusion on single trials.
These results explain one source of across-trials variance in perceptual reports of the direct tilt illusion and confirm that neural oscillations
influence visual discrimination, consistent with their broader role in neural communication and coordination.

Acknowledgements: Australian Research Council (DE220101019).
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The emergence and calibration of magnitude integration between duration and numerosity

Irene Togoli!, Michele Fornaciai!, Samuel Binisti?, Olivier Collignon?

lUniversité Catholique De Louvain (BE)

Magnitude dimensions such as duration and numerosity are not perceived independently from each other, but are often integrated
leading to mutual influences. For instance, a set of items can be perceived as more or less numerous depending on its duration, and vice
versa. The nature of this integration effect is however still debated. Do different dimensions interact based on an absolute, intrinsic
relationship (i.e., association between long duration/high numerosity)? Or is the integration calibrated according to the short-term
stimulation statistics? Here we address these questions by tracking how magnitude integration emerges over time and how it adapts to
changes in the magnitude of the stimuli. We used dot-array stimuli modulated in duration and numerosity, spanning different ranges in
different blocks of trials. Participants judged either one dimension or the other in different sessions. The results show that the integration
effects emerge briefly after an initial calibration, and that different effects show different sensitivity to changes in the magnitude range.
Namely, the duration effect disappeared when changing range, but re-emerged rapidly when returning to the initial calibrated range.
The effect of numerosity showed instead a less stable dynamics, and needed re-calibration even when returning to the initial range.
These results demonstrate that magnitude integration emerges relatively to the specific magnitudes a subject is exposed to, and that
once calibrated it does not immediately transfer to different magnitude ranges. Overall, our findings support the idea that magnitude
integration arises from perceptual processes tuned to the statistics of the environment.

Acknowledgements: This work has been supported by the FSR postdoc fellowship granted by UCLouvain to Irene Togoli, and by the
European Union Marie Sklodowska-Curie fellowship (project "PreVis") to Michele Fornaciai.
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Causal effects of rhythmic TMS on behaviour in visual short term and working memory tasks

Katarzyna Jaworska?l, Maté Gyurkovics?, Matias Palva?, Satu Palva?, Gregor Thut?!

IUniversity of Glasgow (UK), 2University of Helsinki (FI)

Working memory (WM) and short-term memory (STM) are often used interchangeably in cognitive neuroscience literature, yet they
denote different cognitive processes. Short term memory refers to the temporary storage of information, whereas working memory
involves additional goal-directed manipulation of this information. Previous studies have shown correlational as well as causal evidence
for involvement of brain oscillations at alpha (8-12Hz) and theta (4-8Hz) frequencies in the maintenance stage of visual WM/STM but
without explicit differentiation of these two processes. Here, we investigate the causal relationship between oscillatory neural activity
and behavioural performance in a task where participants had to either mentally manipulate the maintained information (WM) or not
(STM). In a change detection task, participants (N=15 so far) were retro-cued to maintain all stimuli (polygons and gratings) during a
delay period (STM condition) or only stimuli belonging to one feature category (polygons or gratings), while ignoring non-cued stimuli
(WM condition). Importantly, the retro-cue indicated the stimulus category, but not the visual field, to remember, thereby engaging
feature-based memory processing. In the first MEG part of this study, we found increased theta (7Hz) activity associated with mental
load in the STM condition, and increased inhibition-related high-frequency alpha (11Hz) activity in the WM condition. Here, we applied
alpha and theta rhythmic transcranial magnetic stimulation (rhTMS) at these frequencies in the same participants, during the
maintenance stage of the task, while concurrently measuring EEG. TMS was guided by the MEG results (right intraparietal sulcus and
right dorsolateral prefrontal cortex for alpha and theta, respectively). Rhythmic TMS had little effect on behavioural performance
measured with accuracy and reaction times, due to large inter-individual variability in a) memory capacity; b) response to TMS
stimulation, in line with previous reports. Currently we are exploring the predictive power of various neural factors in explaining
individual variability in entrainment.

Acknowledgements: This work has been funded by the MRC grant MR/V013769/1.
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Super-Recognizers or Su-perceivers

Jeff Nador?, Meike Ramon?, Kim Uittenhove?

IAFC Lab, University of Lausanne (CH)

Face identity processing ability varies substantially in the general population—even among so-called “Super-Recognizers”. Their
behaviorally measured advantages include face recognition and identification, but recent neuroimaging evidence suggests that their
processing superiority may be broader still—extending beyond faces. In 3 experiments we isolated such individual differences among
super-recognizers and controls using subprocess-specific face identity processing neuromarkers, to explain performance on taxing
behavioral face identity processing tests. Experiment 1 measured neuromarkers of face identity discrimination during 60s image
sequences of a single repeated ‘base’ facial identity (at 3, 6, 9, or 12Hz) periodically interspersed by novel ‘oddball’ identities (1 Hz). Base
faces produce neural responses at their respective presentation rates, while oddballs—if discriminable—generate 1Hz discrimination-
specific responses. Base-responses differed between groups, whereas oddball responses were equivalent, implying super-recognition is
not identity discrimination-specific. Following similar methods, Experiment 2 isolated category discrimination-specific neuromarkers
during periodic image sequences of naturalistic base objects (6Hz), interspersed by 1Hz face/house oddballs. Category-specific oddball-
responses were greater to faces than houses in both groups, though super-recognizers showed greater base-responses overall. Thus,
whatever the divergence between super-recognizers and controls, it stems from more general (non face-specific) perceptual processing.
Experiment 3 considered whether this distinction arises from sensitivity to stimulus availability, or interstimulus temporal masking, by
independently doubling base presentation rates (10 vs 20Hz) versus halving image durations (50 vs 100ms). Among the same base object
and 1Hz face oddball images displayed in Experiment 2, only frequency doubling reduced oddball-responses (comparably between
groups). Meanwhile, super-recognizers showed marginally greater oddball-responses across conditions, indicating that they may
potentially experience reduced visual masking. Across experiments, subprocess-specific neuromarkers only weakly distinguish super-
recognizers as a group. However, logistic classification and principal component analyses reveal individual-specific constellations of
neurobehavioral data, suggesting super-recognizers are not all created equally. Overall, they are better identified by individualized
neurobehavioral correlates.

Acknowledgements: Swiss National Science Foundation PRIMA (Promoting Women in Academia).

Yes, No, Maybe-so: An investigation of response option framing on face identification decisions

Kristen Baker?, Markus Bindemann?

1University of Kent (UK)

Many situations rely on the accurate identification of people with whom we are unfamiliar. For example, security at airports or in police
investigations require the identification of individuals from photo-ID. Yet, the identification of unfamiliar faces is error prone, even for
practitioners who routinely perform this task. The challenge of unfamiliar face identification is often thought of as a perceptual problem.
However, this assumption ignores the potential role of decision-making and its contributing factors (e.g., criterion placement). Across
three experiments we investigated the influence of the framing of response options on sensitivity to identity (d’) and criterion. In
Experiment 1, participants (n = 90) completed an unfamiliar face matching task using one of three response options, comprising
Same/Different, Same/Not-Same, and Same/Proceed-to-Next-Trial. In Experiment 2, participants (n = 189) completed the unfamiliar face
matching task twice - once using the Same/Different response options (control condition) and then using one of the three response
option types from Experiment 1 (experimental condition). In Experiment 3, participants (n = 208) completed the unfamiliar face matching
task after being randomly assigned to one of two response options conditions (Same/Different, Same/Not-Same) and one of two base
rate conditions (50% or 80% match trials). Across all three experiments, no effect of response options on face identification decisions
was found —even after controlling for individual differences (Experiment 2) and despite clear effects of base rate (Experiment 3). These
findings demonstrate that response framing and base rates exert separable influences on criterion placement despite carrying similar
messages (e.g., that matches might be predominant), and point to complex and selective decision-making processes in face matching.

The perceptual integrality of sex and age: understanding the functional organisation of face processing

Paul Aitken?, Paul Downing?!

1Bangor University (UK)

Human faces convey complex and multidimensional visual information, and questions persist as to how information from different facial
dimensions interacts in perceptual processing. This is the problem of perceptual integrality, research into which helps to elucidate the
functional organisation of face processing. The current work takes a converging operations approach towards a deeper understanding
of the visual integration between sex and age - a dyad of dimensions which is under-represented in the literature. We report a speeded
classification task, a flanker task, two priming tasks and a task-switching task, each aimed at probing a different aspect of the potential
interactions of sex and age. In general, the results of these experiments suggest that sex and age are asymmetrically integrated in human
face processing - such that variations in irrelevant sex information affect age processing more than vice versa. We found evidence of this
asymmetric integration at the level of sensory and semantic information - but not at the level of response selection. Furthermore, we
found a robust Stroop-like effect in each experiment which revealed better performance in both sex and age processing when faces were
either “young” and “female”, or “old” and “male”. We used three stimulus sets across these experiments and, in some cases, found that
the direction or extent of effects changed as a function of the specific set of faces used. We argue that similarities and differences in
experimental effects between sets may relate to the level of perceptual processing at which the respective effects occur. The implications
of differences between sets for general social cognition experimentation are discussed. We argue that the asymmetrical integration of
sex and age can be best described in terms of the complexity of processing necessary for the perception of each type of social information.

The neural basis of face pareidolia with human intracerebral recordings
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Even in highly recognizable stimuli, such as everyday living and non-living objects, the organization of certain features evokes the
impression of viewing a face ('face pareidolia'). Objects eliciting this phenomenon are termed facelike-objects. Previous investigations
employing neuroimaging techniques such as functional magnetic resonance imaging (fMRI), electroencephalography (EEG), and
magnetoencephalography (MEG) consistently showed that faces and facelike-object images elicit responses in comparable ventral
occipito-temporal (VOTC) regions, including the bilateral fusiform face area (FFA). However, the extent to which face pareidolia engages
the same neural circuits as human faces remains unclear. Here, we address this question by directly measuring brain activity recorded
from contact electrodes implanted in the VOTC of a large group of epileptic patients (n=44). We employed a frequency-tagging visual
stimulation paradigm, previously validated in EEG, optimized to measure categorical selectivity for both faces and facelike-objects. Face-
selectivity was determined by contrasting a large set of naturalistic face or facelike images with non-face stimuli depicting various living
and non-living object categories. High signal-to-noise ratio face and facelike-object-selective responses were objectively identified and
quantified throughout the VOTC. We observe selective activity for facelike-objects distributed across the human VOTC, from the occipital
cortex (OCC) to the anterior temporal lobe (ATL), along the fusiform gyrus. While category-selective activity is markedly reduced for
facelike objects compared to human faces (27%), consistent with previous findings, 89% of all facelike-object selective contacts spatially
overlap with face-selective activations in regions thought to form a highly interconnected face-selective network. Furthermore, the two
face-selective neural signals exhibit robust functional link, evidenced by their strong amplitude correlation across regions and recording
contacts. Finally, their concurrent onset timing challenges the notion that facelike-objects are interpreted as faces through top-down
processes. Together, our findings provide novel evidence supporting the view that face pareidolia engages the same neural circuits as
human faces.

Evidence for an alternative account for the other-"race" effect, taking out "race"

Juergen M. Kaufmann!, Stefan R. Schweinberger!

Friedrich Schiller University Jena (DE)

Learning experiments have shown opposite behavioural effects for other-race faces (learning costs) and caricatures of same-race faces
(benefits). However, both face-types evoke similar patterns of event-related potentials (ERPs). We further investigated these seemingly
paradoxical findings in a series of studies, hypothesising that they reflect qualitatively similar processes at learning for both face types,
but with different consequences for recognition. Specifically, deviations from an observer’s perceptual norm enhance a face’s
distinctiveness and promote better representation and recognition of unfamiliar same-race (SR) faces — but both SR caricatures and
other-race (OR) faces deviate from the norm although OR faces are hard to recognise. We hypothesize as critical difference that SR
caricatures enhance individual distinctive information in each face, making it idiosyncratic and helpful for learning. In contrast, for OR
faces, salient deviations affect “race” features —i.e., they tend to be unidirectional relative to the norm, and are therefore misleading. In
three EEG experiments, we simulated an OR effect with highly distinctive same-race faces. In each experiment, we manipulated one
particular characteristic in SR faces in a uniform direction (big noses, freckled skin texture, distinctive blue eyes). In a learning/recognition
task, we compared performance and ERPs for these faces to veridical SR and OR faces. We found similar ERPs for OR and manipulated
SR faces, accompanied by poorer recognition, compared to veridical SR faces. In a behavioural experiment, we could reverse the OR
effect into an OR advantage, by increasing multidimensional distinctiveness in a set of OR faces, using ambient and diverse images from
different ethnicities across the world. Overall, our results support a perceptual account of the OR effect rather than a social-cognitive
account. We propose that qualitatively similar processes mediate the learning of unfamiliar SR and OR faces, but with different
consequences that reflect differential usefulness of respective distinctive information.

Contextual Variability Does Not Improve Face Learning

Cathy Mondloch?, Truong Nguyen?, Molly Nullmeyer?, Kristen Baker?

1Brock University (CA), 2University of Kent (UK)

People recognize familiar faces with ease, but recognition of unfamiliar faces is error prone. Understanding how a newly encountered
face becomes familiar is a critical next step for models of face recognition. A wealth of studies supports Vicki Bruce’s contention that
variability is key to learning. Images that capture changes in appearance from moment-to-moment (e.g., in expression and viewpoint)
and day-to-day (e.g., in hairstyle, lighting, make-up, health) improve generalization of learning, such that novel images are recognized.
This effect is thought to reflect a robust representation of an average and/or idiosyncratic variability in facial appearance. The aim of our
study was to examine whether other, face-irrelevant, sources of variability also facilitate face learning. Raviv and colleagues recently
identified four types of variability that influence learning across domains: numerosity (set size), heterogeneity of exemplars, contextual
diversity, and scheduling. The latter two types have been largely ignored in studies of face recognition. Here, we examined whether
contextual variability facilitates face learning while controlling for heterogeneity of face images. Evidence that contextual variability per
se facilitates face learning would call for refinement of current models. In Experiment 1, participants (n=46) learned six identities. We
manipulated heterogeneity of facial appearance (single-image; six low-variability images; six high-variability images) and the contextual
diversity (single background; variable backgrounds) in which the faces were presented. Participants completed a recognition task in
which novel images of the learned identity were intermixed with images of a similar distractor. In Experiment 2, participants (n=100)
learned two identities from low-variability images; contextual diversity was manipulated. Across both studies, we found no evidence that
contextual diversity increased sensitivity to identity (d’) or shifted criteria (c), ps > .15. Our findings constrain which domain-general
variability theories apply to face learning.

Acknowledgements: Natural Sciences and Engineering Research Council of Canada.
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Viscosity or Roughness? — What makes a material unpleasant

Mige Cavdan?, Zhong Jian Chee?, Rochelle Ackerley3, Constanze Hesse?, Knut Drewing?!

Ljustus Liebig University Giessen (DE), 2University of Aberdeen (UK), 3Aix-Marseille University (FR)

Touch provides discriminative and affective information about our environment. Many studies have shown how crucial discriminative
touch is for gathering sensory information about materials, like their hardness or viscosity. In contrast, affective touch has attracted less
attention, but is central to our daily lives. We base many decisions on affective material properties, like choosing a softer jumper instead
of a hard and itchy one or avoiding touching or sitting on a slimy patch. The current study aims to identify materials that most people
experience as being unpleasant to touch and to uncover the perceptual attributes that link to unpleasantness. To this end, we sampled
79 everyday materials covering a wide range of sensory properties. The materials were selected representing a diverse set of properties,
such as fluid, granular, rough, and soft aspects, e.g., cooking oil, sand, coconut, and silk. We asked participants to freely explore these
materials with their dominant hand and subsequently rate their unpleasantness and 23 sensory attributes (e.g., softness, stickiness) in
the absence of visual and auditory feedback. We collected data on material unpleasantness from two countries: German and Scottish
populations. Our wide array of materials showed different unpleasantness levels that correlated with specific perceptual material
attributes. In general, viscous and rough materials (e.g., vaseline, coconut) felt more unpleasant to touch than deformable, granular, and
fibrous materials. Results were comparable for the German and Scottish samples. Overall, our results revealed a relationship between
specific sensory attributes of materials and their unpleasantness, which seems to be constant across different cultural backgrounds.
These findings contribute to our understanding of how various tactile attributes are related to unpleasantness. This has implications for
product design by informing design choices.

Acknowledgements: This study was supported by the German Research Foundation DFG-project no. 502774891-ORA project “UNTOUCH”
and the Economic and Social Research Council [ESRC grant number ES/X008258/1].

Multisensory saliency in object surface exploration

Anna Metzger?, Vida Ahmadi Arab?, Matteo Toscani?!

1Bournemouth University (UK)

In active exploration, we focus on salient parts of objects. Research extensively covers visual saliency, yet haptic and multisensory saliency
remain less explored. We investigated how haptic and visual saliency interact in object surface perception. Twelve participants explored
60 stimuli, whose surface relief varied locally, under three different conditions: vision-only, touch-only and with both together
(multisensory). We used eye tracking glasses (SMI) to record eye-movements and record the video of the exploration of the first stimulus.
We used marker-less tracking software (Deeplabcut) to extract the position of the index finger in each frame of the video, as our previous
research has shown that it is most predictive of haptic bottom-up saliency. Additionally, we extracted the position of four landmarks,
marking the corners of the stimulus in order to map eye and hand movements onto the stimulus surface. The correlation between
fixation and touch density maps was significantly stronger in the multisensory condition (r=0.28) compared to the vision-only and touch-
only conditions (r=0.03); t(10)=4.4997, p=0.0011. This suggests that touch and vision mutually influence each other, as exploratory
movements are more similar when occurring simultaneously. Furthermore, regressions analyses showed that touch-only saliency
contributes to predicting multisensory visual saliency, and vision-only saliency contributes to predicting multisensory touch saliency,
despite vision-only and touch-only density maps are nearly orthogonal (r=0.03). This indicates that in the multisensory condition both
tactile and visual exploration share properties with exploration done with the other sense only. Haptic saliency in the multisensory
condition is a better predictor for visual saliency than haptic saliency in the touch-only condition. However, visual saliency in the
multisensory condition does not predict haptic saliency better than visual saliency in the vision-only condition. This suggests that in the
multisensory condition touch follows vision while vision is more independent, however dynamic interactions will be discussed.
Acknowledgements: This research is supported by Royal Society Research Grant (RG\R1\241159).

Relative Contribution of Boundary Motion in Material Perception

Amna Malik?, Ying Yu?, Huseyin Boyaci3, Katja Doerschner?

1Justus-Liebig-Universitdt GieBen (DE), 2 EYSZ Inc. (US), 3Bilkent University (TR)

Motion is an important cue in the perception of optical and mechanical qualities of materials. Dynamic dot stimuli have been used in
previous research to demonstrate that observers can estimate mechanical properties of non-rigid materials based on motion information
alone. Motion information in these stimuli stems from both, interior object -, and object boundary motion. However, what the relative
contribution of each of these motion cues to the perception of material qualities is, is unknown. To address this, we measured how
human observers perceive material qualities from animations of full textured stimuli, that have all optical and motion information (‘full’),
dynamic dot stimuli (‘dots’), and dynamic line drawings (‘lines’). Unlike ‘dots’, ‘lines’ depict only boundary information (for sample stimuli,
see https://jlubox.uni-giessen.de/getlink/fi9xJ5W9kN1drXPBodkz1HCY/). We rendered the three versions (full, dots, lines) of material
animations from five material categories (fabrics, hard breakables, jelly, liquids, smoke), and performed two experiments: a rating
experiment where observers rated five material attributes (dense, flexible, wobbly, fluid, airy motion) and a triple AFC experiment where
observers were asked to choose one of the two materials, which is more similar to third material across all possible combinations.
Comparisons of similarity analyses from both experiments across the three rendering conditions show that ‘lines’ also convey material
properties convincingly. We conclude that boundary motion might play a critical role in the perception of mechanical material qualities.

Sound symbolic characteristics of natural materials

irem Tuncel?, Hamza Nalbantoglu?, Dicle Dévencioglu?

IDepartment of Psychology, Middle East Technical University (TR), ZMETU (TR)

Material perception research has been focusing on visual and haptic modalities with fewer examples of auditory stimuli. To bridge the
gap, we present data relating to the linguistic counterparts of perceived material characteristics. Sound symbolism in linguistics provides
examples, such as words that imitate the sounds of natural materials they describe (onomatopoeic words, e.g., crunch or splash). We
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have previously shown that spoken onomatopoeic words yield similar perceptual dimensions as visual and haptic materials and have
dimension-specific effects on perceived visual softness. Here, we aim to measure the level of mimicry in the sound symbolic (SS)
relationships between Turkish onomatopoeic words and natural materials. We use visual and haptic materials, natural sound effects,
and written names of material categories to extract phonetic characteristics associated with each type of stimulus. We first collected SS
words associated with 178 written material names (n=85). In a separate study, we presented 60 natural sound effects and asked
participants (n=34) to write down what they heard. Finally, two separate groups of participants (n=26 and 14) were asked to come up
with pseudo-SS words while 1) watching material videos and 2) touching objects. After analyzing the phonetic characteristics, we find
distinctive SS relationships, such as Turkish s [[] sound for fine granular and viscous materials, ¢ [tf] sound for coarse granular materials,
and c [d3] sound for sticky materials. Similarity matrices for each modality revealed that SS words 1) have unique associations with
previously defined perceived softness dimensions such as granularity and fluidity, 2) bring out a novel dimension (airiness) different from
reported visual/haptic findings, 3) follow mechanical properties rather than material categories (e.g., shaking rice and sugar being higher
correlated than shaking and pouring sugar), and 4) reveal similar distinctive sound patterns for audio, visual, and haptic stimuli.

Precision Grip and Unconstrained Visually-Guided Grasping of Multi-Material Objects

Fabrizio Leporil, Frieder Hartmann?, Kira Dehn?, Manuela Chessa3, Roland Fleming?, Guido Maiello*

lUniversity Of Southampton (UK), 2Department of Experimental Psychology, Justus Liebig University Giessen (DE), 3Department of
Informatics, Bioengineering, Robotics, and Systems Engineering, University of Genoa (IT), #School of Psychology, University of
Southampton (UK)

Previous research on visually-guided grasping largely focuses on precision grip, partly because precision grip is easier to measure and
model. However, in daily life we rarely pick up objects using just two fingers. Do findings based on precision grip generalize to
unconstrained grasping? To test this, we employed a subset of 3D multi-material objects from a published precision grip study. Stimuli
were four objects, each one made of five contiguous cubes of wood and five contiguous cubes of brass (cube side length 2.5 cm, object
mass 716 g). Cubes were connected into two shapes and two material configurations, such that the heavy brass side was the nearest or
farthest portions of an object to the actor. Twenty participants grasped these objects in two different sessions while we tracked full hand
and object movements using a Qualisys passive marker motion capture system. In an unconstrained grasping session participants could
grasp the objects however they wanted. In a “precision grip” session participants were required to use only thumb and index finger. We
found that in the unconstrained session participants rarely employed precision grips (p<.001). Nevertheless, in both precision and
unconstrained sessions, participants shifted their grasps towards the objects’ centre of mass to minimize grip torque (p=.017). Further,
in unconstrained sessions participants selected similar contact locations for thumb and index fingers as in precision grip sessions, with
the key difference that they used the remaining fingers to stabilize and secure their grasps. Our findings thus corroborate the impact of
material appearance on visual grasp selection. To further this work, we have now integrated our motion capture system with a VR
headset. In this way, we can map onto the physical objects different virtual appearances, allowing us to explore how the visuomotor
system responds to discrepancies between physical and virtual object properties.

The Contribution of Auditory and Haptic Target Information in Guiding Reaching Movements

Ivan Camponogara?
1Zayed University (AE)

In everyday life, we separately or jointly use auditory and haptic inputs to define a target position and guide our movements toward it
(i.e., catching a fly that landed on our arm). However, how we use haptic, auditory, and audio-haptic target information to guide our
actions is yet unknown. Here, we investigated this question by asking 25 blindfolded participants to perform right-hand reaching
movements toward haptic (H, left index finger), auditory (A, speaker emitting pink noise), or audio-haptic (AH) targets positioned
underneath a panel, 35 cm in front (0 deg) or to the left (45 deg, and 90 deg) from a starting position. By modeling the endpoint error in
azimuth and depth through a Bayesian distributional regression model, we found an overall undershooting across directions, with
credibly lower precision in A compared to H and AH, and a credibly similar precision between H and AH. Sensory combination in AH was
investigated by combining unisensory reliabilities through three different sensory integration models (Weighted Linear Cue Combination,
Maximum Likelihood, and Probabilistic Cue Switch), and directly comparing the models’ predictions with the multisensory reliability. The
Weighted Linear Cue Combination model best predicted the action performance in the multisensory condition. Sensory inputs were
linearly combined and slightly correlated (0.1), with a higher weight for haptic than auditory target information. A second experiment (n
= 25) revealed that audio-haptic training minimally impacts auditory target reaching precision, with no improvement in precision across
trials. Overall, results indicate the existence of two independent processes for action guidance toward auditory and haptic targets, with
haptics predominating in multisensory conditions. The lack of a multisensory training advantage suggests that the improvement in
auditory localization usually seen following multisensory training may stem from factors other than a multisensory integration of target-
related positional information.

Talk Session 8 - 3D Vision, Depth & Stereo

Can we reshape depth cue integration? Evidence of perceptual cue reweighting through dynamic interaction experience

Francesca Peveril, Andrea Canessal, Silvio Paolo Sabatini!

LUniversity of Genoa (IT)

Accurate estimations of object properties in 3D environments derive from effective combination of available visual depth cues, even
when conflictual. Previous research showed that depth cue weighting is influenced by manipulation of the reafferent signal by
complementary sensory modalities, e.g. haptics. These action-perception loops contribute to the development of sensorimotor abilities
by inducing perceptual learning and adaptation. We demonstrated that dynamic interaction with conflicting stimuli could induce changes
in cue combination mechanism, even without feedback. We explore how interaction affects cue weighting by developing a novel
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experimental approach exploiting Unity3D and VR technology. We create 3D oriented (slant and tilt) surfaces with consistent and
conflicting texture and binocular disparity cues, allowing contingent adjustments of perceptual parameters with participants' actions.
Participants undergo an initial perceptual matching task, where they are asked to adjust through the HTC Vive controller touchpad, the
orientation of a consistent stimulus to match the orientation of a conflicting test stimulus. This is followed by a training phase, after
which the task is repeated. During contextual active texture and disparity (ATD) training, participants are instructed to continuously move
by a joystick a conflictual 3D surface to align the perceive depth gradient along diametrically opposing target tilts. The interactive
experience lasts 40s. We add a random tilt to decouple subject’s movements from visual stimulus’” movement. Control groups (active
texture - AT, active disparity - AD) interact with only one cue, while the other remains fixed. Results show a pre- vs. post- cue reweighting
in favor of texture for ATD, whereas no changes for AT and AD, although a contingent cue dominance is observed during training. We
suggest that experiencing dynamic cue combination is crucial to induce perceptual cue reweighting. Control group results demonstrate
that the reinforcement is not merely due to the experience of an additional motion cue.

The importance of measuring coarse stereopsis in the assessment of residual binocular function

Deborah Giaschil, Meriwether Morris?, Kimberly Meier?, Laurie Wilcox3

LUniversity of British Columbia (CA), 2University of Houston (US), 3York University (CA)

Stereoscopic depth perception may be obtained from small retinal disparities that can be fused for single vision (fine stereopsis), but
reliable depth information is also obtained from larger disparities that produce double vision (coarse stereopsis). We have shown
previously that coarse stereopsis typically matures earlier than fine stereopsis and can be spared in amblyopia even when fine stereopsis
is disrupted. Moreover, coarse stereopsis facilitates eye alignment and the subsequent development of fine stereopsis following
strabismus surgery. We further explored the role of coarse stereopsis in visual development by examining the relationship between the
etiology of amblyopia and stereoscopic depth perception over a wide range of disparities from fine to coarse. Accuracy on a depth
discrimination task was assessed in 90 children with binocular vision disorder (anisometropic, aniso-strabismic, or strabismic amblyopia;
or strabismus without amblyopia), and 90 age-similar controls. On each trial, participants viewed a dichoptically-presented cartoon
character with crossed or uncrossed disparity and reported the depth sign (near/far) relative to a zero-disparity reference frame. Stimuli
were adjusted to correct eye misalignment. We tested 6 disparities characterized either as fine (0.02, 0.17, 0.67 degrees) or coarse (2.0,
2.5, 3.0 degrees) based on measurement of diplopia thresholds. In the fine range, all four patient groups performed worse than controls,
and discrimination accuracy was correlated with stereoacuity measured with the Randot Preschool Stereotest. In the coarse range,
however, all three amblyopia groups performed similarly to controls, and there was no correlation between discrimination accuracy and
stereoacuity. Our results show that conventional clinical measures that test only disparities in the fusional range may miss stereopsis in
amblyopia. This undetected residual binocular function has important clinical implications given recent efforts to improve amblyopia
treatment outcomes by employing binocular treatment protocols.

Acknowledgements: Natural Science and Engineering Research Council of Canada; Canada First Research Excellence Fund through Vision:
Science to Applications.

Depth perception from disparity, motion parallax and their combination in patients with central field loss

Jade Guenot!?, Preeti Verghese!

ISmith-Kettlewell Eye Research Institute (US)

In a normally sighted viewer, each retina captures a slightly different image of the world, referred to as disparity, which provides depth
information. In individuals with central field loss, this binocular depth information is impacted in regions of the visual field where there
is vision loss in either eye. However, depth information can also be extracted using monocular cues like motion parallax. This study aims
to determine if combining disparity and motion parallax can improve depth perception and compensate for the loss of fine binocular
depth cues when foveal vision is lost. Thirteen controls viewed stimuli consisting of random dots made up a sine wave profile in depth,
defined by disparity and/or motion parallax. Participants had to report which half cycle appeared farther away from the fixation cross.
We measured thresholds for disparity and motion parallax alone, as well as for their combination, i.e., we measured thresholds for
motion parallax added to the threshold disparity value, and vice versa. These thresholds were assessed with foveal vision and with
simulated scotomata of 4°, 6° and 8° diameter. Results show significantly reduced thresholds when disparity and motion parallax were
combined, even in the presence of a scotoma. With the addition of motion parallax, disparity thresholds decreased by 46.06 + 7.48% and
by 23.27 £ 16.38%, without and with an 8° scotoma. With the addition of disparity, motion parallax thresholds decreased by 80.90 +
18.82% and by 68.88 + 7.72% without and with an 8°scotoma (p < 0.001). Similar improvements were observed in 4 macular degeneration
patients (mean improvement = 13.11 + 15.75% for disparity and 51.32 + 26.74% for motion parallax). Our results suggest that peripheral
disparity and motion parallax together can enhance depth perception in patients with central field loss.

Acknowledgements: NIH grant EY027390.

Dual-task costs suggest dependence between depth and 3D curvature processing

Celine Aubuchon?, Sebastian Musslick2, Fulvio Domini?

1Brown University (US), 20snabrueck University (DE)

Multitasking theory suggests that the ability to execute two tasks simultaneously depends on the amount of representation sharing
between the two tasks, with greater representation sharing leading to greater processing interference and, thereby, greater dual-task
costs. In this study, we leverage the dual-task paradigm to probe the representational overlap between two 3D shape properties—depth
and curvature. Observers were asked to report which of two stereoscopically presented 3D bumps was deeper (depth task), or which
was more bell-like (curvature task). Critically, on each trial the observers needed to process both tasks simultaneously (dual-task) since
the relevant task was not revealed until after the stimulus presentation. If depth and curvature processing relies on a shared
representation, the dual-task costs of independently judging these two properties would be greater than the dual-task costs of
independently judging depth and distance, a property unrelated to 3D shape that is expected to rely on a separate representation.
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Conversely, if depth and curvature are represented separately, there should be no difference in dual-task costs between the multitasking
settings and thus no change to the depth discrimination threshold. We carefully calibrated a stimulus set that was used across all tasks,
where the curvature and distance levels were calibrated for each observer to ensure that the two tasks had the same difficulty. Observers
completed a single-task session (depth task only) and two dual-task sessions (depth-and-curvature or depth-and-distance). We assessed
dual-task costs as the relative change in depth discrimination thresholds between a single-task session and the two dual-task sessions.
Strikingly, we found that the increase in depth discrimination threshold for the depth-and-curvature dual-task session compared to the
single-task session was significantly greater than the increase in depth-and-distance session. This suggests a greater dependence in the
encoding of depth and curvature compared to shape-irrelevant distance estimate.

Acknowledgements: This was based upon work supported by the National Science Foundation under Grant No. 2120610.

All sizes of the Moon - perceived size and depth cues distribution

Oliver Toskovi¢!

ILaboratory for Experimental Psychology, University of Belgrade (RS)

According to the flattened sky dome hypothesis, the Moon illusion appears due to numerous depth-cues toward the horizon and little
of them toward the zenith. Besides that, their spatial distribution changes, since towards the horizon numerous depth-cues appear only
near the observer, while toward the zenith, the lack of depth-cues is similar all the way. To examine this alternative hypothesis, we
performed two experiments. In the first experiment, 19 participants matched sizes of two spheres (0.2m or 0.4m), positioned left and
right from the observer on 2m or 20m, in a virtual reality display (Oculus-Rift). There were three depth-cues distribution situations: 1)
dark space; 2) space filled with depth-cues all the way; and 3) space filled only close to the observer. Participants matched a sphere in
empty space with a sphere in other two situations. Results showed statistically significant differences between empty and half-filled
space (n?=.44) and empty and space filled all the way (n?=.26). In both comparisons participants perceived a sphere as larger if depth-
cues were present. Still, effect sizes indicate that differences were larger for comparison of an empty with half-filled space. Since on 20m
distance stimulus was hardly visible, we performed a second experiment, with stimuli on a 2m and 10m distance, and 21 participants
comparing all three situations. Again, results showed statistically significant differences between empty and half-filled space (n?=.73),
empty and space filled all the way (n?=.68), and half-filled and space filled all the way (n?=.63). Although results show a similar pattern,
the largest difference between empty and half-filled space, on the other hand, sphere was perceived as larger if the space was filled all
the way than if it was half-filled. Results are in line with the flattened sky dome hypothesis, but also partially with our alternative
hypothesis for the Moon illusion explanation.

Treating adult amblyopia through combined physical exercise and inverse occlusion: evidence from 7T BOLD responses

Miriam Acquafredda?, Irene Di Marco?, Guido Marco Cicchini3, Laura Biagi4, Michela Tosetti4, Alessandro Sale3, Paola Bindal, Maria
Concetta Morrone?!

1University of Pisa (IT), 2University of Florence (IT), 3 Institute of Neuroscience, National Research Council, Pisa (IT), “IRCCS Stella Maris
Foundation, Pisa (IT)

While amblyopia can be ameliorated in children, treating it in adults is challenging. Among the new therapeutic approaches, combining
physical exercise with short-term occlusion of the weaker eye has shown promise in improving visual acuity. Here, we tested the effects
of such combined treatment on visual evoked responses in the primary visual cortex (V1) measured with ultra-high field fMRI. We studied
eight amblyopic adults (aged between 16 and 44 years old), with amblyopia caused by anisometropia or infant strabismus. After a
detailed ophthalmic examination, they underwent fMRI scanning at 7T. BOLD responses to five band-pass-noise monocular visual stimuli
(peak spatial frequency ranging from 0.1 to 2.7 cpd), were measured before and after 2 hours of covering the amblyopic eye with a
translucent patch. We repeated this protocol after a 4 week training performed at home, in telemedicine. The training was composed of
six sessions (three in the first week and one in each of the following weeks) where the 2 hour patching was combined with cycling on a
stationary bike. In line with our previous findings, the training improved amblyopic eye acuity by 0.10 + 0.05 logMAR (as measured with
an automated Tumbling E test). 7T BOLD responses in V1 to higher spatial frequencies were reduced for the amblyopic eye compared to
the fellow eye. This dominance of the fellow eye responses decreased after the 2 hour patching and after the 4 week training. Using
binocular rivalry we indexed ocular dominance and observed a reduction of the fellow eye dominance after patching and further after
the 4 week training. In conclusion, treating amblyopic adults with a combination of physical exercise and short-term inverse occlusion
produced a shift of ocular dominance, measured behaviorally and with 7TfMRI, and revealed a reorganization of V1-evoked responses
favoring the amblyopic eye.

Acknowledgements: Grant Progetti di Ricerca@CNR, under the grant agreement 'Television'; European Union’s Horizon 2020 research
and innovation program grant n. 801715 (PUPILTRAITS); PRIN 2022 (Project ‘RIGHTSTRESS—Tuning arousal for optimal perception’, Grant
no. 2022CCPJ3J, CUP 153D23003960006).
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Retention of non-configural face information

Ronja Mueller?, Claus-Christian Carbon?, Sandra Utz2, Tilo Strobach?
IMedical School Hamburg (DE), 2University of Bamberg (DE)
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In order to identify faces, the perceptual information is matched against face representations stored in memory. As configural face
information, especially so-called 2nd-order relations, are believed to be essential for facial identification processes, we can assume that
configural information is an important part of mental face representations. This might be the reason for research having focused on
configural aspects in the past. Non-configural face information (e.g., color information) has received less consideration so its role in
recognizing and memorizing is much unclearer. Face adaptation serves as an ideal tool to investigate whether specific face information
is part of face representation. In a series of several experiments, we could reveal that face representations indeed seem to contain non-
configural information as well. However, results indicate a different quality of retention. While configural changes in faces cause
extremely long-lasting alterations in face representation, non-configural changes seem to induce less robust adaptation effects. We
believe that face information is represented based on its variability in natural contexts. Following this assumption, in everyday life highly
variable types of information, such as non-configural color information (e.g., brightness or saturation), would only evoke transient
changes in face representation, while more stable face information, such as face configurations, lead to longer-lasting adjustments.
Acknowledgements: The research project was funded by the DFG (Deutsche Forschungsgemeinschaft).
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Impact of PTSD on attentional capture, guidance, and target verification during visual search

Samantha Tyler?, Doug J. K. Barrett?!

1University of Leicester (UK)

Control of attention and inhibition is impacted in post-traumatic stress disorder (PTSD). This is likely to affect the proactive control of
eye movements and the suppression of irrelevant distractors during visual search. In the present study, we use the irrelevant singleton
paradigm to investigate the efficiency of search in the presence and absence of an irrelevant distractor in a sample of UK service veterans
with varying severity of PTSD. Participants were required to discriminate the orientation of a target centred in a shape singleton in
displays containing circles and triangles. On 50% of trials, one of the distractors was replaced by a salient colour singleton of the same
shape, which participants were told to ignore. Displays contained 8 objects presented on a virtual circle at an eccentricity of 7.35°. Manual
and saccadic indices of performance were used to quantify attentional capture and the speed and efficiency of search in the presence
and absence of the irrelevant colour singleton. Initial results reveal comparable reaction times (RTs) but an increase in the latency of the
first target fixation in the presence of the irrelevant colour singleton, indicating attentional capture during visual sampling. Higher PTSD
symptom severity was associated with a general increase in RTs, the number of fixations, and verification time (time between the first
target fixation and response). Variability across manual and saccadic indices also increased as a function of PTSD symptom severity. These
data support a decrease in the inhibition of the irrelevant singleton during visual sampling in individuals with PTSD. Increases in PTSD
severity are also associated with a decrease in the speed and selectivity of visual sampling during search. These findings support a
reduction in the efficacy of attentional mechanisms that mediate the proactive control of selective attention during the guidance and
verification stages of visual search.

Acknowledgements: This project was funded by the Office for Veterans' Affairs.
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Testing the interaction between fine and coarse scales with moving plaids

Omar Bachtoula?, Ignacio Serrano-Pedrazat

lUniversidad Complutense de Madrid (ES)

An interaction between fine and coarse spatial scales occurs during motion processing. In this study, we wanted to determine the role
of MT visual cortical area on this motion mechanism. We conducted two experiments using moving plaids of different spatial frequencies
windowed by a 2D Gaussian function of different sizes, since MT visual area contains neurons that process the pattern motion direction
of this kind of stimuli. We measured the proportion of correct responses for 4 durations (25, 50, 100, and 200 ms). In the first experiment,
we tested 3 sizes (0.7, 2, and 4 deg), and different spatial frequency combinations (1m, 3m, 1s+3m, 1m+3s, 1m+3m, where m stands for
moving and s for static). The moving components drifted at 4 deg/s. Results showed that the interaction between spatial frequencies
depends on the components combined, on the size of the plaid, and on its duration on the screen. It strongly arises for 1s+3m and large
sizes, and it’s not present for the smallest size. Given than MT neurons show a non-homogeneity of the antagonistic surround, in the
second experiment, we tested the effect of the window shape on the interaction between spatial scales. We tested two oval windows,
one vertical (5x=0.35, Sy=1.4 deg) and one horizontal (Sx=1.4, Sy=0.35 deg) using plaids with the same durations, drifting speed, and the
complex spatial-frequency combinations from the previous experiment. Results revealed that the interaction between spatial scales only
occurs, for the condition 1s+3m, when the window is elongated in the direction of motion, and intensifies as duration decreases. These
findings suggest that MT visual cortical area is a plausible origin of the interaction between spatial scales in motion perception and show
that the activity of this motion mechanism depends on the size, shape, and duration of the stimulus.

Acknowledgements: Supported by grant PID2021-122245NB-100 from Ministerio de Ciencia e Innovacion (Spain) to ISP.
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Visual processing speed and inhibitory control are critical cognitive abilities that influence our ability to navigate complex visual
environments. However, these abilities are known to decline with age, potentially leading to difficulties in tasks that require efficient
processing of relevant information while suppressing distracting stimuli. This study investigated the effects of age, target presence, and
distractor interference on visual search performance using a novel experimental paradigm that systematically manipulated these factors.
Younger and older adults completed a series of visual search trials, where they had to indicate the presence or absence of a target
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stimulus within displays containing varying distractors. Reaction times and accuracy were recorded, providing insights into the efficiency
of visual processing and inhibitory control mechanisms. The results revealed significant age-related differences in reaction times and
accuracy, with older adults exhibiting longer response times and reduced accuracy than their younger counterparts. Moreover, increasing
distractor levels led to a more pronounced decline in performance for older adults, particularly when the target was present. The ANOVA
analyses revealed significant main effects of age, target presence, distractor level, and intricate interactions between these factors. These
findings highlight the critical role of inhibitory control in inefficient visual processing and suggest that age-related declines in this cognitive
function may contribute to the observed performance differences between younger and older adults in visually complex environments.
The study has important implications for understanding age-related changes in visual attention and perception and informing the design
of user interfaces and visual displays that account for the unique needs of older individuals.

321
Investigating semantic properties of objects in scenes using fine-grained crowd-sourced and computational methods
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For most man-made environments, it is straightforward to tell what objects are likely to appear in them and what are not. In the studies
investigating the effects of these regularities on human perception, these objects are referred to as, respectively, semantically consistent
and inconsistent with a given scene context. While this distinction is useful, its dichotomous nature hampers the investigation of the
effects of graded object-context consistency (e.g. a wristwatch and a kettle might be consistent with the context of a kitchen table to
different degrees). There are several ways to quantify the semantic consistency in a continuous (and not dichotomous) fashion and
thereby overcome this limitation. Here, we tested them. Participants viewed scenes with objects that were — according to previous
studies — either semantically consistent or inconsistent with these scenes and rated on a six-point scale either the semantic consistency
of these objects or the frequency with which they appear in the given contexts. In one experiment, a single group viewed scenes with
both consistent and inconsistent objects while in the other, different groups viewed scenes of these two types. We found that although
raters in the first experiment tended to select more extreme points from the scale than in the second, the frequency and consistency
ratings were always highly correlated (~0.8). Next, we tested if human ratings can be emulated using a pipeline in which GloVe - a
computational model capturing semantic relationships between words — processes the names of objects in scenes. The highest
correlation between the model consistency scores and the human data amounted to 0.39. We conclude that although the way in which
semantic consistency is measured in rating studies affects their outcome, people largely agree regarding how they judge object-scene
relationships. Developing computational methods that would emulate these judgements, however, remains challenging.
Acknowledgements: Funding: Leverhulme Trust grant (RPG-2020-024) to IM, PB, and AC and BA/Leverhulme Small Research Grant
(SRG22\220332) to MP.
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Developmental dyslexia is a learning disorder commonly associated with atypical phonological processing, and the visual part of the
reading process is often left behind. At the same time, vision is an essential part of word recognition, and individual differences in visual
processing can potentially predict reading abilities. Our hypothesis on high-level visual dysfunction suggests that reading difficulties
experienced by certain individuals with dyslexia can indicate a broader impairment in visual cognition. The study employed steady-state
visual-evoked potentials (SSVEPs) to investigate visual processing in dyslexic and typical adult readers, leveraging the method's high
signal-to-noise ratio for robust data collection (total N = 62). The research involved three preregistered tasks (https://osf.io/4dr3f) —
focusing on faces, objects, and text/pseudofonts— using a fast periodic oddball paradigm where stimuli (e.g., face A) were presented at
a base frequency of 6 Hz with oddball stimuli (e.g., face B) interspersed at a rate of 1.2 Hz (AAAABAAAABAA...). Our research highlights
differences in face and object processing, where dyslexic participants exhibited higher base frequency power in the right hemisphere
compared to typical readers when attending and memorizing faces and objects, and higher oddball frequency power when attending
and memorizing objects. Contrary to our expectations, the text paradigm revealed no significant differences in base or oddball frequency
power between dyslexic and typically reading participants. We speculate that this is due to the passive nature of this task, which unlike
tasks for faces and objects did not require participants to attend to and memorize the SSVEP stimuli. These findings may suggest that
some individuals with developmental dyslexia require additional neural resources to recognize and discriminate faces and objects.
Acknowledgements: This work was supported by The Icelandic Research Fund (Grant No. 2410194-051).
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People can recognise the faces of friends and family across substantial age-related changes in appearance (e.g., in old family photographs
and at a recent family gathering). However, little is known about how familiar faces known for many years are represented. One
possibility is that our representations are weighted towards our most recent encounters with a familiar face. Here, we investigated this
using averages (created by morphing multiple images of the same person together) and instances of characters from the popular and
longstanding UK TV soap opera Coronation Street. Ninety-four participants who regularly watched Coronation Street for at least the last
20 years completed both a likeness task and a speeded name verification task in which they were presented with face averages and
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instances. The stimuli used in both tasks were the faces of Coronation Street characters who had been on the show continuously for at
least the last 20 years. For each character there were three face averages (past weighted, non-weighted, recent weighed) and three
instances (past instance, mid instance, recent instance). On the likeness task, recently taken instances and recent-weighted averages
were rated as a better likeness than non-weighted averages/mid instances and early weighted averages/instances. On the speeded name
verification task, recent instances/recently weighted averages and mid instances/non-weighted averages were recognised faster than
the past instances/past-weighted averages, but there was no difference between the mid instances/non-weighted averages and the
recent instances/recent weighted averages. These results have implications for the nature of longstanding representations of familiar
faces and suggest that our representations may be updated by experience with more weight given to more recent encounters with a
familiar person.

Acknowledgements: This work was funded by an Economic and Social Research Council New Investigator grant awarded to Sarah
Laurence (ES/R005788/2).
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The ability to predict how efficiently a person finds an object in the environment is a crucial goal of attention research. Drawing on a
broad range of findings, the literature has identified two main factors that impact search efficiency. The first factor is the similarity
between targets and distractors (target-distractor similarity), where an increase results in a decrease in search efficiency. The second is
the similarity among distractors (distractor-distractor similarity), where an increase, conversely, leads to an improvement in efficiency.
However, the validity of these similarity principles has so far been established using a limited range of essential stimulus materials under
highly restrictive conditions (such as letters, colour patches, or single lines, varying in a limited number of attributes) and lacks direct
quantitative support with more ecologically valid real-world stimuli. This study exploits convolutional neural networks to predict human
search efficiency from computational estimates of similarity between real-world object images. Our results provide ecological evidence
supporting the similarity principles in visual search: search efficiency varies across tasks and conditions and improves with decreasing
target-distractor similarity and increasing distractor-distractor similarity. Furthermore, our results reveal a crucial dissociation: target-
distractor and distractor-distractor similarities mainly operate at two distinct layers of the network; distractor-distractor similarity at the
intermediate layers of coarse object features, while target-distractor similarity at the final layers of complex features used for
classification. This suggests that these different similarities exert their major effects at two distinct perceptual levels and demonstrates
our methodology’s potential to offer insights into the depth of visual processing on which the search relies. By integrating computational
techniques with principles of visual search, this approach aligns with contemporary trends in other research areas and meets
longstanding demands for more ecologically valid research in the field of visual search.
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Sequences of alternating visual stimuli are typically perceived as flickering. In Neuroscience this method is widely used to elicit Steady
State Visually Evoked Potentials and for certain coding schemes in Brain-Computer Interfaces. Because flicker is unpleasant, it might be
reduced by alternating the stimuli at frequencies above the flicker-fusion threshold. For example, rapidly alternating black and white
stimuli would then be perceived as constant gray. Nevertheless, shifts between phases remain discernible. For example, when switching
from a black-white sequence to a white-black sequence, the direct repetition of the white stimulus is perceived as a flash. Reducing the
perceptibility of phase shifts could allow for new coding schemes in Brain-Computer Interfaces. We therefore investigated different
methods to minimize the perceptibility of phase shifts for black-white flicker stimuli. We used three types of phase shifts: (a) gradient-
based (gradually reducing the black and white stimuli to the perceived mid-gray level and then back to full contrast at the shifted phase),
(b) high-pass and band-pass filtered shifts (applying filters to smooth out the shifts), and (c) flipping pixels (changing sequentially single
pixels from one phase to another). In a two-alternative forced choice task, participants (N=24) discriminated intervals with and without
phase shifts. Discrimination performance was worst for the gradient-based phase shifts with percent correct of 66.1% +/- 2.8 and 68.5%
+/- 3.1 for Kaiser and Tukey gradients, respectively (mean +/- standard error of the mean). These phase shifts are therefore promising
candidates for future applications in Brain-Computer Interface coding schemes.

Acknowledgements: This work was supported by the Machine Learning Cluster of Excellence, EXC number 2064/1 — Project number
390727645.
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Contextual saccadic adaptation is elicited using a variant of McLaughlin’s double-step paradigm, in which two distinct cues signal the
direction of the intrasaccadic steps. This allows for the induction of two simultaneous saccadic adaptations. Remarkably, research has
shown that effective contextual adaptation occurs with motor command-related cues, e.g. the initial step direction or head orientation,
but not with visual cues, e.g. the target color or shape. We further explored this phenomenon by probing the effectiveness of statistical
regularities across trials. Participants were instructed to saccade toward a target that stepped obliquely after an initial fixation period.
During the saccade, the target stepped again, this time orthogonally to the first step. This intrasaccadic step (ISS) could be either upward
and leftward, or downward and rightward. Across three experiments (n=30) the possible 1SS directions followed fixed sequences across
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trials: the two ISS were either 1) alternating from one trial to the next, 2) organized in short blocks of four consecutive trials, or 3) in
longer blocks of ten consecutive trials. In a control experiment (n=10), we used the first step amplitude as a context: short (5deg) and
long (10deg) first target steps were each paired with one of the two ISS directions. We observed robust systematic contextual learning
under the first step amplitude condition. However, there was no learning in the three trial sequence-defined conditions. These results
further validate the idea that effective prediction of the intrasaccadic step strongly depends on the nature of the context. Specifically,
our results are consistent with the notion that motor cues, as opposed to purely perceptual cues, are necessary for contextual motor
adaptation: effective contexts are readily associated with specific motor states.

Acknowledgements: This research was supported by ANR-21-CE28-0013 to LM.
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This work is done in the context of an adversarial collaboration to test contrasting predictions of the Integrated Information Theory and
Predictive Processing (PP) accounts of consciousness. We investigate conscious experience of space around the visual blind spot area.
Compared to other regions of our visual field which rely on feedforward information from the lateral geniculate nucleus, the cortical
representation of the blind spot exploits its lateral and feedback connectivity for filling in processes. According to the Integrated
Information Theory of consciousness, non-activated regions between stimuli and non-activatable regions in the blind-spot contribute
differently to the perceived quality of space as the retinotopic cortex creates a different cause-effect structure inside and outside the
blindspot. Predictive Processing accounts, in contrast, posit that internal models will accommodate structural deviations around the
blindspot.PP-Neurorepresentationalism predicts no spatial disruptions if the underlying mechanism utilises around-blindspot neuronal
compartments, and modest distortions if they don’t. PP-Active Inference predicts no bias but differences in the precision of judgements
as the sampling becomes affected around the blindspot. We present a paradigm in which participants compare the distances between
pairs of dots that span or do not span the blind spot (importantly, all stimulation is done outside of the blind spot area to avoid filling in
effects). We use coloured glasses for eye-specific stimulation. With this data, we model psychometric functions relating perceived and
objective distance. These models vary in terms of bias and precision according to the experimental conditions (around vs. not around
the blind spot, ipsilateral vs. contralateral eye), making it possible to quantify the potential disruption of distance perception induced by
the blind spot in the ipsilateral eye. To illustrate the sensitivity of our paradigm, we present a control dataset considering trials during
which the blind spot was not involved.

Acknowledgements: This research received funding from the Templeton World Charitable Foundation under the Accelerating Research
on Consciousness initiative (TWCF Grant number: 0646; https://doi.org/10.54224/20646).
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There is abundant evidence that low-frequency oscillations in the cortex are often spatially organized as traveling waves. The occurrence
of these waves, as well as their dynamical properties, have been linked to various perceptual and cognitive measures. In the EEG, the
direction of alpha-band traveling waves is bimodal, with peaks in both directions on the occipito-frontal axis. These two wave directions
are associated with distinct functional roles: forward waves are most prominent during visual processing, while backward waves
dominate at rest and during suppression of visual input. Previous modeling work showed that recurrent feedback in a predictive coding
framework can explain these dynamics; however, a biologically plausible model is still lacking. Here, we present a hierarchical, multiscale
network with mean-field dynamics that, starting from the laminar connections in the cortex, reproduces the behavior of alpha-band
traveling waves as observed in the EEG signals. Following known anatomical connectivity, we show that forward and backward waves
are likely generated in separate sub-networks connected in infragranular layers at each area. This architecture creates a competition
between the two states biased by incoming signals from either direction (bottom-up/top-down, simulating incoming sensory information
and internal priors, respectively). In a second step, we extend our model to include the cortico-thalamo-cortical pathway through the
Pulvinar. The Pulvinar is a higher-order visual thalamic nucleus involved in generating alpha-band oscillations, that mediates a second,
redundant connection for any two visual areas connected cortically. We show that this pathway can modulate the cortex's competition
between forward and backward waves. Our simulations suggest a key role for the Pulvinar in directing information flow in the cortex, in
line with previous studies. In summary, our model provides a biologically plausible multiscale architecture to explain the dynamics of
macroscale traveling waves and relate EEG results to distinct components of the thalamo-cortical circuitry.

Acknowledgements: Supported by ERC grant no. 101075930.
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Visual crowding refers to the detrimental effect of flanking distractors on the recognition of peripherally presented objects. Crowding is
characterized by a radial-tangential anisotropy, which describes an ellipsoid shape of the crowding area elongated along the radial fovea-
target axis. The critical distance between target and flankers, where crowding begins to significantly impair target recognition, can be
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reduced by perceptual learning. In this experiment we investigated the learning-induced reduction of crowding in normally-sighted
participants across three age groups (20-40 years, N=30; 40-60 years, N=21; 60-80 years, N=14), who were trained over four sessions to
detect the Landolt-C gap orientation (4AFC; up, down, left or right) flanked by same-sized ring distractors in the upper left and right visual
quadrants (6.5° eccentric of central fixation). A staircase procedure adjusted the critical target-to-flanker distance needed to achieve
70.7% correct responses during training. The results indicate that all three age groups improved significantly over four sessions (p <.001),
exhibiting a reduction in the critical target-to-flanker distance. The main effect of age was not significant. Interestingly, the radial-
tangential anisotropy of crowding was less pronounced in the two older age groups in comparison to the youngest group and it tended
to decrease with training. The results suggest that perceptual learning of a crowding task is also feasible for midlife and elderly
participants. As such perceptual learning could be a promising tool in rehabilitation to improve eccentric vision in young and old patients
with central vision loss.

Acknowledgements: This research was supported by the Deutsche Forschungsgemeinschaft (DFG: PL641-1/1) and the ZSER e.V. (Support
Association for Children and Adults with Rare Diseases e.V. c¢/o University Hospital Regensburg) funding program. The authors thank
Anna Kristin Weitzer, Jennifer Lubich, Julia Pieper and Kevin Kunkel for assistance with data acquisition.
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In recent years, the implementation of information technology that automatically intervenes in human sensory and motor functions,
such as autonomous driving vehicles, has expanded rapidly. It is expected that in the near future, societal interactions involving
individuals whose abilities have been enhanced by such automation technology will become commonplace. This study investigated the
effects of interventions in sensory and motor functions by automation technology on social judgments in social interaction contexts. In
the experiments, participants performed competitive or non-competitive tasks with avatars controlled by programmed algorithms
displayed on a monitor. We investigated how differences in the performance of the avatars, used by the participants themselves or by
others, affected participants' evaluations of their own task performance (how well they felt they had done and how much responsibility
they felt for the outcome). The results showed that in competitive scenarios, when the performance of avatars used by themselves and
others was equal, the sense of responsibility for the outcome was higher than in non-competitive scenarios, whereas when there were
differences in avatar performance, the sense of responsibility for the outcome was lower. These findings suggest that in social interaction
contexts involving individuals whose capabilities have been enhanced by automation technology, differences in capabilities may
influence individual social judgments.

Acknowledgements: This work was supported by JSPS KAKENHI Grant Number JP18K11979 and JP21K18355.
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Vision is crucial for maintaining balance and facilitating locomotion and navigation. Optic flow, for example, provides key self-motion
cues that aid in navigation. Typically, congenital blindness results in increased postural sway during upright standing and impaired
navigation abilities. Here we investigated postural stability and optic flow sensitivity in children and adolescents who underwent surgical
treatment for congenital dense bilateral cataracts years after birth. Experiment 1 assessed whether cataract-treated participants (CT)
rely on vision for stabilising their stance. Participants stood on a foam pad placed on a Nintendo Wii Balance Board and maintained their
stance under two conditions: with eyes open or closed. Overall, CT swayed significantly more than age-matched typically sighted controls.
Moreover, while controls exhibited markedly reduced body sway with eyes open compared to closed, CT displayed a notably reduced
ability to use vision for sway reduction. Interestingly, CT showed gradual improvement in body sway over time following surgery,
indicating partial learning in utilizing visual input to enhance stability. Experiment 2 assessed whether different radial and translational
optic flow patterns elicit distinct effects on CT’s body sway, thereby exploring their potential to induce illusory sensorimotor perceptions.
We included two age-matched control groups: typically sighted controls and a group with experimentally reduced visual acuity to match
that of CT. While CT exhibited greater sway compared to sighted controls, consistent with Experiment 1, their sway was less influenced
by specific optic flow patterns. Indeed, when normalized to the individual baseline (sway while observing static dots), CT showed less
affected body sway by optic flow than controls. Visual acuity influenced the sway, with blurred controls showing sway levels between CT
and sighted participants. Overall, the study showed that cataract-treated exhibit only partial learning in utilizing vision for stabilization.
Moreover, optic flow patterns evoke less pronounced illusory self-motion perception compared to typically-sighted individuals.
Acknowledgements: Deutsche Forschungsgemeinschaft DIP-grant (ER 542/3-1).
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Responses to bimodal signals are faster than those to their unimodal constituents. This so-called redundant signal effect is affected by
sequential effects such as modality switching, where changing modality in a random trial sequence causes a slowing of responses.
Critically, while unimodal trials can follow full modality switches (e.g., an auditory following a visual signal), bimodal trials can follow only
partial switches (e.g., an audiovisual following a visual signal). Thus, the effect of full modality switches on bimodal responses is unknown.
Here, in addition to the standard instruction to detect auditory or visual signals, we presented tactile target signals in the random trial
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sequence. Consequently, bi- and unimodal trials can follow full modality switches (e.g., an audiovisual following tactile signal). Our data
show that modality switching modulates the redundant signal effect, including violations of Miller’s bound, which is often interpreted as
a benchmark result indicating multimodal processing interactions. We find larger violations occurring in full modality switch trials and
smaller (but still present) ones in modality repetition trials. Interestingly, unlike their unimodal counterparts, bimodal responses are not
(or only marginally) affected by full modality switches. Thus, the observed modulation of the redundant signal effect is largely driven by
unimodal responses that are slowed due to modality switching. Therefore, understanding modality switching and its differential effect
on uni- and bimodal responses will be key to fully understanding the processes underlying the redundant signal effect.
Acknowledgements: This work was supported by the UKRI Biotechnology and Biological Sciences Research Council (BBSRC) grant number
BB/T00875X/1.
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Inherited retinal dystrophies (IRDs) are a leading cause of blindness worldwide. In CRB1-associated IRDs, mutations to a single gene cause
a wide variety of sight loss profiles, ranging from early onset severe vision loss to later-onset, milder phenotypes, for reasons not well
understood. With new gene therapies on the horizon aiming to restore retinal gene function, we need to characterise the impacts of the
disease on retinocortical development and function and establish objective clinical trial endpoints that are applicable across a wide
spectrum of phenotypes. Achieving this has been challenging due to patients’ widely varying abilities and the associated variability in
test feasibility and sensitivity. We used a child-friendly electroencephalography (EEG) paradigm to quantify retinocortical visual system
function in a cohort of patient with CRB1-IRD. This involved recording steady-state visual evoked potentials (ssVEP) elicited by flickering
sinusoidal gratings across a range of spatial frequencies embedded into age-appropriate movies. Our findings reveal significant
attenuation of ssVEPs in patients with CRB1-IRDs compared to healthy controls, particularly pronounced for stimuli in the mid-to-high
spatial frequency range. This attenuation was most notable in patients with moderate to severe visual impairment. Interestingly, even
patients with relatively preserved visual acuity (WHO “no or mild” visual impairment), displayed markedly reduced ssVEPs, particularly
in response to mid-range spatial frequencies. This highlights the ability of ssVEP measures to capture unique aspects of pathology beyond
visual acuity alone. Nevertheless, ssVEP responses strongly correlated with measures of visual acuity, indicating their utility as a proxy
for visual acuity in individuals with communication difficulties and for clinical trials requiring objective measures of visual function.
Together, these findings underscore the value of ssVEP measures as a complement to traditional measures of visual function for
characterising widely ranging disease characteristics and assessing treatment efficacy in IRDs.
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Our environment exposes us to natural correlations between multisensory dimensions of the stimuli we encounter. For example, imagine
drinking your morning coffee, the darker the colour of the drink the stronger the corresponding taste. These correlations can be helpful
when making categorical decisions about stimuli (e.g. is this an americano or a latte). However, the statistics of the sensory information
we are exposed to naturally varies day-to-day and across the lifespan, and these variations can differ between sensory modalities, which
may consequently impact our ability to combine sensory modalities to make optimal category decisions. In the current study, participants
categorised novel stimuli defined by a combination of auditory (pitch) and visual (spatial frequency) dimensions. One category followed
a positive correlation (high pitch + high spatial frequency OR low pitch + low spatial frequency) whilst another followed a negative (low
pitch + high spatial frequency OR high pitch + low spatial frequency). Following an initial learning phase, the statistics of sensory
dimensions were altered, such that the range of sampled stimuli was narrowed either on both or one sensory dimension and such that
the manipulated dimension(s) fell closer to the category intersect. Following learning, rapid adaptation was observed to new category
statistics and this occurred if one or both modalities were manipulated. We discuss these findings in the context of real-world scenarios,
wherein we must adapt to alterations in the statistics of the sensory input received.

Acknowledgements: This research was funded by Science Foundation Ireland awarded to FNN.
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Developmental Dyslexia (DD) is a multifactorial disorder, which includes deficits in auditory-phonological processing as well as
deficiencies in the magnocellular-dorsal (M-D) visual stream, responsible for the identification of graphemes and lexical units during
reading. The M-D stream is associated with neural oscillations in beta frequencies (15-25 Hz). The present study aimed at investigating
the possible cumulative impact of transcranial alternating current stimulation (tACS) and a visual-attentional reading training. tACS was
applied to parietal sites, the main projection of M-D pathway, bilaterally at beta frequency (18 Hz), to improve the M-D functionality
while also improving the capability of ventral stream areas in identifying visual word structures. Three groups of young adults (N = 37)
with DD participated in the project. The first group completed 12 sessions of an adapted version of a reading acceleration training while
receiving tACS stimulation; the second and third groups underwent a sham stimulation in combination with reading acceleration training
and phonological training, respectively. Before and after the training sessions, participants were asked to judge the lexicality of written
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words and pseudo-words while EEG was recorded. When comparing the same training paired either with tACS or sham stimulation, the
N400 and P600 event-related potentials (ERPs) where differentially modulated in the tACS group suggesting a less effortful lexical and
semantic categorization in the post-training session. As for time-frequency data, we expect a decrease in frontal theta band, reflecting
working memory load. Moreover, we expect a decrease in alpha power in temporo-parietal regions, reflecting encoding of semantic
information. Lastly, in line with this interpretation, we observed an improvement in working memory capacity, as assessed by the digit
span test. Taken together, our results suggest that a combination of tACS and visual-attentional reading training lead toward a more
efficient lexical/semantic categorization, possibly supported by a general improvement in working memory.

Acknowledgements: Fondazione Regionale per la Ricerca Biomedica (FRRB).
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People generally look at positions that are important for their current actions, such as objects they intend to grasp or suitable spots to
place their feet when walking in challenging terrain. So where do people look when walking into a room to grasp an object? Do they look
where they intend to place their feet? Or do they look ahead to determine where they need to be and prepare for their upcoming
grasping action? In particular, do they look at potential obstacles along their path or only at items related to the object they intend to
grasp? We asked participants to walk into a room and pour the contents of a target cup placed on a table in front of them into another
cup elsewhere on the table. The three meters between the door and the table was empty except for two obstacles on the floor. There
was an additional obstacle on the table near the target cup. As participants approached the door, they initially mostly looked at the
objects on the table, presumably to select a good position from which to pick up the target cup, considering the positions of the additional
obstacle and the cup into which they were to pour its contents. As they entered the room, they occasionally looked at the obstacles on
the floor, but mainly at the floor along their path. From when they crossed the first obstacle, they looked at objects on the table. They
looked at the target cup while reaching for it and picking it up, and then at the cup they were pouring into. Thus, although the obstacles
were important for the action, people mostly relied on peripheral vision to avoid them, directing their gaze where they would place their
feet although there was nothing particularly informative to see there.

Acknowledgements: This work was supported by the German Research Foundation (DFG) under grant agreement VO 2542/1-1.
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Previous research suggested distinct roles for egocentric and exocentric distance information in guiding actions like reaching and
grasping. For example, ‘reaching’ for an apple requires estimating absolute distance from the observer (egocentric), while ‘grasping’ it
relies on depth information (exocentric) to plan for appropriate grip size. However, our study challenges this idea by demonstrating that
exocentric information also influences reaching distance. Participants interacted with a virtual 3D paraboloid protruding towards them.
They were asked to either reach for its peak or base, or grasp it at these two points with their thumb and index finger. First, to
independently manipulate the exocentric information, we manipulated the number of depth cues, as it has been found that an object
depth appears greater when specified by more depth cues. Secondly, we varied viewing distance (near vs. far) in a way that the base of
the near object aligned with the peak of the far object, making those two positions at equal egocentric distance. If reaching distance is
solely determined by egocentric distance estimates, the depth interval between reaches performed at the peak and the base of an object
should remain unaffected by the number of depth cues. However, both reaching and grasping tasks showed an overestimation of this
depth interval with more depth cues. Furthermore, participants consistently reached for the base of a near object at a farther point than
the peak of a far object, although both were physically equidistant from the observer. Perceptual judgments yielded a similar pattern of
results, consistent with the reaching and grasping tasks. These results suggest that the visual system integrates exocentric and egocentric
information even when egocentric information alone is sufficient to perform an action. This raises intriguing questions concerning how
the human visual system selects and incorporates relevant spatial properties to represent distance.

Acknowledgements: This material is based upon work supported by the National Science Foundation under Grant No.2120610.
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Prior work has found that visual behavior is slower and involves integration over longer timescales under scotopic (rod-only) relative to
photopic conditions. This difference is believed to stem partly from differences in photoreceptor properties, and it is unknown whether
it persists in visual cortex. While temporal frequency-dependent neuronal activity has been thoroughly researched using functional MRl
techniques under photopic conditions, this has not been studied under scotopic conditions. Ten normally sighted subjects viewed a full-
screen, high-contrast stimulus flickering at rates ranging from 2-10 Hz during functional MRI scanning (3T Skyra). Each subject completed
the experiment both under photopic and under scotopic conditions. Additionally, under photopic conditions, subjects viewed a drifting
bar which was used to delineate their retinotopic maps with a population receptive field model. The flickering stimulus led to widespread
activation along the visual cortex under both lighting conditions. Generally, the BOLD response in V1 was higher under photopic than
under scotopic conditions. Most importantly, we observed an interaction between the effects of lighting condition and frequency on V1
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BOLD response magnitude. Under photopic conditions, subjects exhibited the largest BOLD response for the 7.5 Hz flicker, similar to
prior results. Under scotopic conditions, the largest BOLD response was observed for 2 Hz flicker, while the response to 7.5 Hz flicker was
smaller. Our results suggest that under scotopic conditions, the preferred stimulus in V1 has lower temporal frequency than under
photopic conditions. This is the first time that functional MRI techniques have been used to analyze frequency preferences under scotopic
conditions, building on prior results found using behavioral and electrophysiological methods. Further research is needed to determine
whether differences in stimulus frequency preferences are due to slower processing by rods or to additional factors along the visual
pathway and cortex.

Acknowledgements: This research was supported by a grant from the United States-Israel Binational Science foundation (BSF #2021289)
and the Israel Science Foundation (ISF #2389/22), Jerusalem, Israel.

339
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Over prolonged periods of time, the ability to sustain engagement tends to fluctuate. In mice, these fluctuations have been described as

states of a hidden Markov model: during visual decision-making sessions, clusters of errors and biased responses indicate that mice
alternate between multiple states or strategies over time. However, it remains unclear whether humans exhibit similar discrete decision
strategies, especially since human experiments often provide experimenter-timed breaks. Here, we investigate the extent to which
humans switch between engaged and disengaged strategies as a function of time-on-task (breaks versus no breaks), and whether the
identified states and frequency of state transitions are comparable to those observed in mice. To enable cross-species comparison, we
created a visual task that closely mimics a standardised procedure used in mice, developed by the International Brain Laboratory.
Participants view two Gabor patches and indicate which patch has the higher contrast. To investigate the effects of time-on-task,
participants complete 600 trials either without breaks, or with a break every 100 trials. We will fit a hidden Markov model to participants’
reaction time data to obtain trial-by-trial assignments to engaged and disengaged states. We expect to find that participants alternate
between multiple decision-making strategies, with disengaged states occurring more often when there are no breaks in the experiment.
Our findings will offer insights into the dynamics of perceptual decision-making in humans, and may have implications for experimental
design. This study will also provide a starting point for linking the cognitive and neural basis of decision strategies across species.
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Creating something from nothing: Symbolic and non-symbolic representations of numerical zero in the human brain

Benjy Barnett?, Stephen Fleming?
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Representing the quantity zero is considered a unique achievement of abstract human thought. Despite considerable progress in
understanding the neural code supporting natural numbers, how numerical zero is encoded in the human brain remains unknown. We
find that both non-symbolic empty sets (the absence of dots on a screen) and symbolic zero (“0”) occupy ordinal positions along graded
neural number lines within posterior association cortex. Neural representations of zero are partly independent of numerical format,
exhibiting distance effects with countable numerosities in the opposing (symbolic or non-symbolic) notation. Our results show that
format-invariant neural magnitude codes extend to judgements of numerical zero, and offer support to theoretical accounts in which
representations of symbolic zero are grounded in more basic representations of sensory absences.
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How do we determine what is typical or atypical when given an example of a particular scene category? Previous studies suggest that
typicality consists of a weighted average of simple features. While defining these features for simple stimuli is easy, how do we identify
the specific attributes in complex stimuli like photographs? In our study, we differentiate between two concepts of typicality - conceptual
(e.g., a personal car is conceptually typical, while a tractor is less) and perceptual (e.g., a rainbow-colored car is less perceptually typical
than a black car) and collected both ratings for three semantic categories of standard rooms - kitchens, bedrooms, and living rooms (140
images per category, 25-50 ratings per image). We defined two sets of features - deep features and human-crafted features. For the
computation of deep features, we evaluated each image by pre-trained AlexNet and used fc7 vectors. For human-crafted features, we
let people define attributes in a qualitative study (N=48) to differentiate between individual exemplars, and we grouped similar
characteristics into nine commonly mentioned features (e.g., number of windows, the colorfulness of the room). In a subsequent study
(N=268, 23-41 ratings per image), we asked participants to rate the intensity of given attributes. Results show that both typicality
measures correlate highly (Spearman’s p = 0.93). Typicality measures could be better estimated from human-crafted features (adj. R? =
0.59-0.81) than from deep features (first 10 PCA components; adj. R? = 0.36-0.59). This suggests that human typicality estimates can be
decomposed into simple semantic attributes such as the room size or number of chairs in standard rooms.

Acknowledgements: Project supported by Czech Science Foundation (no. 24-11506K).
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People are sensitive to their uniquely patterned retinal input
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Visual exploration through eye movements involves frequent changes to the visual input on our retinae. This visual input is patterned by
factors such as where we look, how often we move our eyes, and our behavioural goals. Previous research has shown consistencies in
saccade behaviour within individuals over a variety of images and tasks, resulting in uniquely patterned visual input for different people.
Are people sensitive to their own pattern of visual input, and can they distinguish it from the input of others? To test this, we recorded
subjects’ eye position while they were free-viewing pictures of natural scenes. From these gaze trajectories, we circularly cropped (72
radius) images around individuals’ eye positions, to create a sequence of images for later replay at fixation. We presented these gaze
replays (5s each) to subjects, with 100 replays created from a subject's own eye data, and 100 replays from other subjects’ eye data.
Nearly all subjects performed above chance at choosing whether a replay was theirs or not, and demonstrated higher confidence on
correct than incorrect trials. Subjects responded fastest when reporting a replay was theirs (even if it wasn’t), and were relatively quicker
when they were correct. Interestingly, pupil size reflected ground truth, with larger dilations when subjects viewed replays that were not
theirs, irrespective of their subsequent choice and its accuracy. We also found that when a subject mistook another subject’s replay to
be theirs, the scanpath constituting that replay tended to be more similar to their own scanpath when they viewed the same image
during free-viewing. In summary, we find that people are sensitive to the visual input patterned by their own unique eye movements.
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Although we are told to ‘never judge a book by its cover’, trustworthiness impressions from faces significantly shape our daily social
interactions. Previous research has mainly considered trust judgements as isolated, de-contextualised, and stable over time. However,
in everyday life, faces are not perceived in isolation but are perceived in a spatio-temporal context, where we encounter a series of faces
one after the other or sometimes in groups. Here, we showed that trustworthiness impressions are influenced by the spatio-temporal
context in which faces are embedded. In the spatial domain, we found that the visual system can quickly extract the average
trustworthiness of the group of people we are facing without analysing each single face in the scene — a phenomenon called ensemble
perception. In the temporal domain, we demonstrated that faces in our visual history can strongly bias present trustworthiness
judgments, across multiple experiments. We focused on the impact of two opposite visual biases traditionally studied separately:
negative aftereffects (i.e., bias away from the past) and serial dependence (i.e., bias towards the past). We found robust negative
aftereffects and serial dependence in trustworthiness judgements, confirming the influence of faces presented in the past on present
trustworthiness evaluations. Importantly, we were able to demonstrate a dissociation of attractive and repulsive visual temporal biases.
We modulated the exposure duration of previous faces and showed, for the first time within the same experimental paradigm, that brief
exposure led to serial dependence, and longer exposure led to negative aftereffects. Overall, these results shed light on the dynamic
nature of facial trust impressions and show that the spatio-temporal visual context plays a crucial role in shaping these impressions.
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Human balancing in VR under the influence of optical flow
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Human-made environments can be full of straight-lined, repetitive patterns that induce optical flow when moving past. Some patterns
can even disturb human motor control and affect motor stability. We investigated how optical flow of a repetitive pattern influences
stability in a human balancing task in virtual reality (VR) by analysing changes in kinematic aspects due to the presence of a stationary
and moving pattern. In our experiment participants were placed in VR facing a wall with either a uniform grey (control) or a black and
white vertically striped pattern and were tasked to keep their balance while standing on one or two legs. The wall was either static or
moved in a linear (left or right) or sinusoidal (0.2Hz) manner. Each trial lasted 30s. In wall-movement conditions the movement started
after 10s and lasted 10s, thus it was enclosed by two phases of no wall movement. Movement data was collected using an infrared
camera-based motion-capture system (Qualisys Oqus) and a reduced full-body marker set consisting of 26 passive reflective markers. A
static stripy pattern led to less movement of ankles, wrists and head when balancing on one leg compared to a grey background. During
movement phases participants showed less stability as observed in an increased movement of their head and limbs. We also found after-
effects in the second static phase in the form of continued reduced stability after the movement phase. For sinusoidal movements, the
frequency of the optical flow seemed to be represented in the head and limb velocity frequency spectra which carried over into the
second static phase of a trial. These results underline the effect of optical flow on human balancing. They indicate stabilising effects of
static but destabilising effects of moving patterns and suggest that especially a change in optical flow negatively influences human
balancing.

Acknowledgements: The Adaptive Mind Project, funded by the Excellence Program of the Hessian Ministry of Higher Education, Science,
Research and Art.
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People quickly recognise human actions carried out in everyday activities. There is evidence that Minimal Recognisable Configurations
(MIRCs) contain a combination of spatial and temporal visual features critical for reliable recognition. For complex activities, observers
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may have different descriptions varied in their semantic similarity (e.g., washing dishes vs cleaning dishes), potentially complicating the
investigation of MIRCs in action recognition. Therefore, we measured the semantic consistency for 128 short videos of complex actions
from the Epic-Kitchens-100 dataset (Damen et al., 2022), selected based on poor classification performance by our state-of-the-art
computer vision network MOFO (Ahmadian et al., 2023). In an online experiment, participants viewed each video and identified the
performed action by typing a description using 2-3 words (capturing action and object). Each video was classified by at least 30
participants (N=76 total). Semantic consistency of the responses was determined using a custom pipeline involving the sentence-BERT
language model, which generated embedding vectors representing semantic properties of the responses. We then used adjusted pair-
wise cosine similarities between response vectors to compute a ground truth description for each video, a response with the greatest
semantic neighbourhood density (e.g., pouring oil, closing shelf). The greater the semantic neighbourhood density was for a ground truth
candidate, the more semantically consistent were responses for the associated video. We uncovered 87 videos where semantic
consistency confirmed their reliable recognisability, i.e. where cosine-similarity between the ground truth candidate and at least 70% of
responses was above a similarity threshold of 0.65. We will use a subsample of these videos to investigate the role of MIRCs in human
action recognition, e.g., gradually degrading the spatial and temporal information in videos and measuring the impact on action
recognition. The derived semantic space and MIRCs will be used to revise MOFO into a more biologically consistent and better performing
model.

Acknowledgements: Leverhulme Trust.
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Visual search integrates bottom-up and top-down information to make goal-driven decisions, engaging processes such as attention,
memory, and decision-making. Recently, we presented a model that combines an Ideal Bayesian Searcher core to incorporate top-down
processing, with neural networks mainly to model bottom-up information processing. It was evaluated in four datasets and compared
with other state-of-the-art models in a benchmark in different metrics (https://github.com/NeurolLIAA/visions). The present study
conveys several improvements. First, we moved to an Entropy-Limit Maximization framework, which not only resulted in better
performance on the benchmark but also it runs +100x faster. Second, we explored other neural networks to estimate the prior and assess
target detectability. Third, we introduced a limit in the model’s memory capacity. Fourth, we parameterized the visibility map to better
fit the saccades’ length. We evaluated the model in two new tasks: First, a Hybrid Search task, where there are more than one potential
target (memory set size, MSS) and the model needs to decide how to combine those in one search. The model achieved a good
performance although we did not find a clear criteria up to MSS=4. Second, we proposed a task where the search is interrupted after N
fixations and participants are asked to report target location and their confidence. The model was able to accurately predict the
participant’s response, even if the target was not found, suggesting that it can mimic the participants’ introspective processing.
Moreover, the entropy of the probability map after the last fixation showed to be a good confidence predictor. Summarising, although
visual search behaviour is usually modelled on the algorithmic level, our approach proves successful in modelling both details of the eye
movements, as the saccade length distribution and the scanpath, as well as higher cognitive processes, as the conscious evaluation of
the information available.

Acknowledgements: ARL W911NF2120237, PICT 2018-2669.
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People readily judge trustworthiness based on others’ facial appearance. Stimulus Generalisation Theory (FeldmanHall et al., PNAS, 2018)
suggests that trustworthiness impressions of strangers can be based on visual similarity with previously encountered individuals. For
example, if a stranger’s face visually resembles someone who had previously been helpful (or not), the stranger is judged to look more
trustworthy (or untrustworthy). Prior work on this theory has relied on inducing this social learning in a lab-based paradigm, lacking
generalisability to real-world learning over time with natural exposure to real individuals. Here we validated this key theory in a more
naturalistic context using facial morphing: we tested whether existing attitudes towards prior known individuals (celebrities) predicted
trustworthiness impressions of strangers’ faces which were visually morphed to resemble these identities. Across three studies (Total N
=291) and two world regions (UK, Australia), as predicted, we found a significant relationship between prior attitudes towards these
individuals and trustworthiness impressions of strangers’ faces with implicit resemblance to these individuals. A multi-level model further
indicated that our results cannot be fully explained by variations in the facial appearance of the different face identities or participants’
individual differences. Taken together, our results support Stimulus Generalisation Theory, suggesting that natural longer-term attitudes
can influence visual trustworthiness judgements. Our findings demonstrate the importance of our social environment in forming
perceptual judgments of strangers.

Acknowledgements: This research was supported by funding from the Carnegie Trust of Scotland.

348

Contributions of additive and multiplicative noise to lateral and in-depth speed uncertainty

Joan Lopez-Moliner?!
lUniversitat de Barcelona (ES)

143


https://github.com/NeuroLIAA/visions

European Conference on Visual Perception 2024

The traditional approach to measure precision of visual speed (i.e. discrimination thresholds) has relied on psychophysical discrimination
tasks, which can be cumbersome and prone to bias, especially without expert participants. Moreover, motion-in-depth thresholds are
often found to be higher than those for lateral motion, a finding at odds with everyday visuomotor performance. In this study, we use a
pursuit model to assess speed observation uncertainties under three different motion conditions: random walk, linear, and non-linear,
incorporating both lateral and depth movements. Participants (N=9) tracked a moving target within a virtual environment. The target,
white against a dark background, moved on a sagittal plane 0.5m below eye level. For each trial, we calculated target and gaze speed,
and determined tracking accuracy and delay by analyzing cross-correlograms between boths speeds. Additionally, we used the sensory
phase of a pursuit model (Orban de Xivry et al., 2013), consisting in a Kalman filter, to estimate additive and multiplicative observational
noise by modeling the retinal slip (the speed differential between target and gaze). Our results indicate that perception of depth motion
is less accurate in the random walk condition. Nevertheless, in scenarios characterized by increased motion predictability, the perceptual
uncertainties for lateral and depth movements are comparable, especially when retinal speeds across dimensions align. Moreover, the
uncertainties estimated were not larger than those derived from classical psychophysical methods, suggesting that motor noise did not
markedly influence the estimates. Predominantly, additive noise-rather than multiplicative noise-accounts for these uncertainties, in line
with computational models of visual motion. By adopting action-based methods over traditional psychophysical judgments, this study
challenges the long-held view that lateral and in-depth motion significantly differ in perceptual uncertainty levels.

Acknowledgements: This work was funded by Grant Refs. PID2020-114713GB-100 funded by MICIU/AEI/10.13039/501100011033.
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Previous studies of object categorisation have highlighted the role of inter-object similarity but have typically focussed on static object
shapes. However, object perception benefits from the integration of multiple inputs, yet how these processes underpin object category
formation is still unclear. In particular, object categories may be defined by similarities in shape, movement and sounds. We conducted
two experiments to explore the influence of both motion and sound on shape space. We adapted a previous circular shape space to
create 36 novel 3D objects and applied five different motion patterns to these shapes. In Experiment 1, using a within-subjects design,
participants rated the similarity pairs of object shapes which varied in their distance on the shape space. Furthermore, the object pair
was presented across three motion conditions: static-only, same, or different motion. Perceived shape similarity of moving objects
differed relative to static counterparts: ratings to object pairs presented with the same motion received higher inter-shape similarity
ratings than object pairs shown with different motions. To investigate whether both motion and sound would jointly affect the object
shapes perceived similarity, in Experiment 2 we adopted the same paradigm but added five correlated movement-sounds to all the object
shapes. All object pairs were presented across three motion conditions (static-only; same; different) and two sound conditions (sound;
silence) in a fully factorial design. Our results suggested a weaker effect of sound than of motion on perceived shape similarity. Object
motion might directly affect perceived inter-object similarity by revealing shape features from novel viewpoints, whereas the role of
sound in categorisation may be indirect and based on learned associations. Moreover, each of these cues may affect the categorisation
of objects independently. This research offers insights into the role of object audiovisual motion on the categorisation of novel objects.
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Understanding preferred distance in human-drone interaction
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In two experiments, we transferred the paradigm of interpersonal distance regulation to the interaction with drones. In the first

experiment, conducted in augmented reality using a simple spherical drone model, we explored how both hovering height and approach
angle affect the preferred distance. Drone height above the ground had a strong effect. We conducted a second experiment, also in
augmented reality, to gain a deeper understanding of the factors that may influence this effect. In addition to the simple spherical drone
model used in the first experiment, we also varied its appearance and attachment to the ground. We discuss to what extent social aspects
and subjectively perceived danger influence the preferred distance for interaction with drones.
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Makoto Ichikawal, Teruya Hatakeyama?
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In our previous studies, we have found that right-handed observers prefer a rightward arrangement of objects on concrete natural
backgrounds although they prefer the central arrangement of objects on abstract backgrounds (Nakajima & Ichikawa, 2008, Transaction
of Japan Society of Kansei Engineering [TJSKE]). For objects that are difficult to grasp by hand (e.g., sea urchins, chestnuts in bur) and for
left-handed observers, there was no such a right-side preference, but a preference for a centered arrangement (Matsuda, Ichikawa,
Nakajima & Kouroki, 2014, TJSKE). In this study, we examined the effects of left and right-handed manipulability on object arrangement
preferences for right-handed observers. In Experiment 1, the object was a left and right glove, which was placed in five different
horizontal positions (+10.8, 5.4, 0deg from the center of the frame) on a naturalistic background (snow field, or wooden floor) in a frame
(30.8deg x 10.8deg). Three different glove images were prepared, each showing the back and palm of the hand. Participants rated their
impressions for each of pictures. We found that the right-hand glove was preferred in the rightward position and the left-hand one in
the leftward position. The back of the hand was rated higher than the palm. In Experiment 2, participants were asked to touch the outer
frame of the display with their right or left hand. Ten natural objects were placed in three different positions (+5.4, 0deg from the center
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of the frame) on a uniform natural background (e.g., a fire balloon in the air, a flower in the meadow). Participants rated their
impressions. We found that the opposite hand position resulted in lower ratings. These results suggest that the manipulability of the
object in each hand affects the evaluation of the aesthetic arrangement for objects in the picture frame.

Acknowledgements: JSPS (#20H01781) and IAAR Research Support Program, Chiba University.
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A hallmark of face specificity is holistic processing. It is typically measured by paradigms such as the part—whole and composite tasks.
However, these tasks show little evidence for common variance, so a comprehensive account of holistic processing remains elusive. One
aspect that varies between tasks is whether they measure facilitation or interference from holistic processing. In this study, we examined
facilitation and interference in a single paradigm to determine the way in which they manifest during a face perception task. Using
congruent and incongruent trials in the complete composite face task, we found that these two aspects are asymmetrically influenced
by the location and cueing probabilities of the target facial half, suggesting that they may operate somewhat independently. We argue
that distinguishing facilitation and interference has the potential to disentangle mixed findings from different popular paradigms
measuring holistic processing in one unified framework.

Acknowledgements: This work was funded by grants (LU17608519 and LU13605523) from the General Research Fund of the Hong Kong
Research Grants Council to WH and a New York University Abu Dhabi faculty grant (AD174) and a Tamkeen New York University Abu
Dhabi Research Institute grant (CG012) to OC.
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In visual search, humans find targets faster when they appear in a repeated visual context (contextual cueing effect). It is still unclear
whether this effect is due to a context-enhanced guidance of attention or due to response-related processing. Here, we aimed to
distinguish between these two candidate underlying mechanisms. To this end, we investigated searching and responding eye fixations
to dissect the visual search process in an attention and a response phase. In two experiments, participants searched for a letter
superimposed on natural scenes and identified the letter as fast as possible. One half of trials showed repeated scenes, the other half
showed novel scenes. In Experiment 1, repeated scenes were always shown with the target at one location. In Experiment 2, repeated
scenes could be associated with one target location, two alternating target locations, or with one screen side. We found that the number
of searching but not responding fixations was reduced by context repetition. Further, the duration of neither searching nor responding
fixations was affected by context repetition. The contextual cueing effect for manual response times developed in parallel with the effect
on cumulative durations of searching fixations. However, this development was strikingly different from effects on cumulative duration
of responding fixations. Thus, this makes the case for attentional guidance as underlying mechanism of contextual cueing.
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Low-spatial frequency information and statistical regularities within our environment are thought to aid visual processing through top-
down influences on bottom-up processing. For example, the feed-forward sweep involves low-spatial frequency components of visual
inputs rapidly propagating up the visual processing hierarchy and providing coarse estimates of sensory scenes. These estimates then
feedback to lower visual areas to constrain possible perceptual interpretations. Top-down influences on visual processing also arise by
exploiting environmental statistical regularities to generate predictions about expected inputs. Despite both mechanisms involving
feedback to lower visual areas, it remains unknown if the visual system uses concurrently presented low-spatial frequency information
to predict co-occurring stimuli. To assess this, we collected electroencephalographic data from 20 participants (intended final sample of
40) while presenting them with objects embedded in visual scenes. Each of the two objects could be displayed in one of two scenes, with
each scene having a more frequent object pairing. This produced expected and unexpected conditions. Visual scenes contained
exclusively low- or high-spatial frequency information and the embedded image contained only high-spatial frequency information.
Participants were also presented with blocks of object only trials. Support Vector Machines were trained to classify object identity in
object plus scene trials by being trained on object only trials. We assessed differences in classification accuracy for expected and
unexpected images within each scene spatial frequency condition. We hypothesised that significant decoding differences between
expected and unexpected pairings would occur earlier for low- compared with high-spatial frequency scenes. Our preliminary results
show significant above-chance decoding across all four conditions, ranging from 74-484 milliseconds. However, no significant decoding
differences were found between expected and unexpected objects in either the low- or high-spatial frequency conditions. Based on the
data collected so far, we did not observe evidence that low-spatial frequency information influences the generation of top-down
predictions.
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Spatial frequency information processing on the synchrony perception for audiovisual stimuli
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Perception of synchrony for audiovisual stimuli is crucial for audiovisual integration processing. Many perceptual phenomena induced
by audiovisual integration occur within a temporal binding window (i.e., tolerance range of synchrony perception) of audiovisual stimuli.
Various factors modulate the synchrony perception processing for audiovisual stimuli. Previous studies have found that the spatial
frequency (SF) of visual stimuli alters the perceived timing of subjective simultaneity. In this study, | specifically examined the processing
of SF information on synchrony perception for audiovisual stimuli using visual stimuli with multiple SF component. | compared the
correlation coefficients of the point of subjective simultaneity (PSS) between visual stimuli with low-SF/high-SF and composited these
two SF (composition-SF) components. The PSS values of audiovisual stimuli were measured by determining of the two audiovisual pairs
perceived as more simultaneous (i.e., the dual-presentation timing task). In the results, the PSS value of composition-SF stimuli (M = 2.46
ms, SE = 4.75) was intermediate between low-SF (M = -8.61 ms, SE = 4.02) and high-SF (M = 4.28 ms, SE = 5.31) stimuli. The correlation
coefficients of the PSS value were marginally higher between high-SF and composition-SF stimuli than between low-SF and composition-
SF stimuli. These results suggest that the higher SF component more strongly contributed to the synchrony perception of visual stimuli
with multiple SF components. This finding helps elucidate how visual information, which is related to processing speed of visual stimuli,
is processed in the synchrony perception for audiovisual stimuli.

Acknowledgements: This work was supported by the Japan Society for the Promotion of Science KAKENHI (Grant-in-Aid for Young
Scientists: No. 20K14269).
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Most of the extensive literature on face perception is based on stimuli presented in 2D. However, under typical real-world conditions,
faces are volumetric and have 3D structure. To evaluate the influence of stereoscopic depth information we used a novel visual search
paradigm with stereoscopically rendered images of faces to assess low and high -level visual processing. We hypothesized that
stereoscopic viewing would make faces more salient and improve performance relative to 2D. Stimuli were presented using a mirror
stereoscope, either with or without binocular disparity. In both experiments, the stimuli were presented in a semi-circular array; all faces
were equidistant from the fixation point. In Experiment 1 (orientation task), an array of the same faces was presented, and the target
face was tilted 15 deg to the left or right. The distractor faces were rotated in the opposite direction. In Experiment 2 (recognition task),
the target face was shown, followed by an array of different faces. In both experiments, observers indicated if the target face was present,
the likelihood was 50%.

Proportion correct was recorded and used to compute d’ (sensitivity). In both experiments, we found no significant differences between
the 2D and 3D conditions (Experiment 1: F(1,11) = 0.00, p = 0.97; Experiment 2 F(1,14) = 0.16, p = 0.70). Bayes factors of (0.52 and 0.31)
for Experiments 1 and 2 provided moderate to strong evidence for the null hypothesis. Our data provide no support for an advantage of
3D stereoscopic viewing of faces for either low or high -level tasks. In ongoing studies, we are evaluating performance on similar tasks
using 2D and 3D objects to determine if the lack of 3D advantage is due to the privileged nature of face processing or to the structural
similarity of human faces.

Acknowledgements: Funded by Vision: Science to Application (VISTA) and The Natural Sciences and Engineering Research Council of
Canada (NSERC).
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The emergence of semantic animate categories, such as 'cow’ versus ‘horse’, occurs early in development. However, the optimal
integration of multiple sensory cues arises in later childhood. Categories of objects in the real world are mainly based on multisensory
features but it is unclear whether children can benefit from multiple object cues and, moreover, whether their categorisation benefits
more from multisensory over intrasensory cues. In this study, we compared children’s categorisation performance to familiar objects
(images of animals) across combinations of two crossmodal (e.g., a ‘mooing’ image of a cow) or within modal (e.g., an image of a cow in
a barn) cues. To test for a benefit of multiple cues, we compared performance on both conditions to the presentation of a unisensory
cue alone (e.g., an image or sound of a cow). We measured semantic category accuracy and response times across different ages of
children to investigate the role of development. Using a mixed design, a sample of 126 children aged 6-12 years partook in a computerised
task in which they categorised images of animals as belonging to a ‘farm’ or ‘zoo’. There were three main conditions; unimodal (V-only
or A-only), audiovisual (AV), or visual-visual (VV) informative cues. Children were grouped into three developmental groups, defined by
both their ages and school-grade level, to control for working memory constraints. Results indicated a progressive improvement in
categorisation performance across the developmental groups with older children being more accurate and faster at categorising stimuli
in the audiovisual condition as compared to the youngest developmental group. Differences across cue conditions were also evident.
Our findings provide insight into the type of sensory information that children can incorporate when making semantic category
judgements and how the ability to use multisensory cues, as opposed to unisensory cues alone, changes across development.
Acknowledgements: Science Foundation Ireland.
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Source estimation of visual spatial attention: a multifocal MEG study
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Visual spatial attention aids the selection of relevant information from a visual scene. The cortical origin of visual spatial attention remains
incompletely understood. Functional magnetic resonance imaging (fMRI) studies have shown that focusing attention on a certain location
in the visual field has retinotopically specific effects in multiple visual areas. FMRI studies are, however, limited by poor temporal
resolution. Here, we employed multifocal magnetoencephalography (MEG) to map the dynamics of spatial attention. Multifocal
stimulation refers to the simultaneous stimulation of multiple visual field regions using orthogonal stimulation sequences. Here, the
visual field was divided into 24 regions. MEG data (N = 20) were collected during three different task conditions: task at the fixation point,
task at a target region in the right visual field, and task at a target region in the left visual field. In addition, MR images were collected for
cortical source and head geometry models, and multifocal fMRI data for localization of cortical visual areas. Spatial attention modulated
the visually evoked responses. Here, we compare different source estimation techniques in locating the retinotopic MEG responses and
the spatial attention effect on the cortex.
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Motion compression by surround motion
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It has been suggested that the visual system extrapolates the perceived position of moving objects to compensate inevitable neural delay
of retinal inputs (Nijhawan, 1994). This extrapolation hypothesis accounts for visual illusions such as the flash-drag effect, where a flashed
target nearby a moving stimulus appears to be shifted in the motion direction (Whitney & Cavanagh, 2000). What would happen if the
target was moving in the same direction? The extrapolation hypothesis predicts that the target would appear to move faster and to be
more shifted in the motion direction. Contrary to the prediction, however, we here show that the moving object is perceived to stand
still at the shifted position. In our psychophysical experiment, a wide grating pattern suddenly began to drift at 11 deg/s for 1.2 s. Nearby
the grating, a small target bar appeared and moved in the same or opposite direction of the grating for a variable period, then
disappeared. The perceived onset and offset positions of the target (and therefore the travel distance) were measured using an
adjustment method. Parametric investigations showed that motion compression (i.e., the perceived travel distance of the target was
near zero) profoundly occurred when the target moving in the same direction as the target was onset at the same timing as the onset of
the grating motion, and it persists for ~150 ms (similar to the temporal freezing illusion; Motoyoshi, 2007). We interpret this motion
compression as a consequence of spatial suppression of local motion signals and a shift in the position coordinate by a large-field motion,
partially consistent with the explanation for perisaccadic spatial compression (Ross et al., 1997).

Acknowledgements: JSPS KAKENHI JP22K19807, JP24H01540, JP21K13745.
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Everyday interactions often require the selection of a single target object from multiple possibilities (distractors). A recent framework of
attentional control suggests that, in addition to perceptual salience and current goals, object selection is guided by selection history.
Here, we examined how this interplay between target and distractor history manifests in individual differences in target selection for
goal-directed reach. We used a priming-of-popout (PoP) paradigm combined with continuous tracking of reaching movements.
Participants reached for an odd-colored target among homogeneous distractors while we systematically manipulated the trial sequence
of target and distractor colors in six conditions: both target and distractor colors were repeated and full swap condition, where target
and distractor colors were swapped. In partial repetition conditions, either target or only the distractor color was repeated from a
previous trial while the counterpart was in a new color. In partial swap conditions, either the target was swapped with a previous
distractor or only distractors were swapped with a previous target color. Reach trajectories were recorded and attraction scores taking
single target reach trajectory as baseline were calculated to evaluate the performances in the six conditions. For each participant, we
took their maximum attraction score and the timing of it per condition, analyzed them with t-SNE analysis and k-means clustering and
we found four distinct sub-groups, with four strategies in terms of attentional target selection and selection history. In Group 1 both
target facilitation and distractor inhibition accounted for the PoP effect; Group 2 & 3 only showed distractor inhibition while they differed
in terms of attentional weighting of target and distractors; Group 4 only utilized target facilitation. Our findings emphasize that selection
history triggers a dynamic interaction between the facilitation of the target and the inhibition of distractors, which in results in individual
differences in their target selection strategies.
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Saccadic eye movements are controlled by neuronal circuits of varying complexity. The fastest saccades may be directly driven by the
superior colliculus, while slower saccades can be affected by visual cortical activity. Here, we explore whether saccades to blue and
yellow chromatic targets are mainly driven by luminance or by heterochromatic brightness (Baker & Mollon, 1993). Each trial began with
a central fixation point, which was followed by the presentation of two saccade targets, one yellow and one blue, at an eccentricity of 4
deg at a 30 deg angle above and below the horizontal line, either on the left or right side of the screen. Three different paradigms
controlled the timing of fixation and target presentations. The target could appear right after fixation offset, there could be a 200 msec
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gap between the two, or they could overlap by 200 msec. Observers were instructed to direct their gaze towards the circle that appeared
more visually salient as fast as they could. Yellow and blue stimuli were set at intensities of 0.05, 0.15 and 0.485; these parameters were
chosen so that the pair with yellow at 0.05 and blue at 0.485 had the same luminance (7.28 cd/m?2), and the pair yellow at 0.15 and blue
at 0.485 had the same perceived brightness. At equi-luminance, the blue target was selected significantly more often than chance, for
both latency conditions. Choices were close to 50% for the equi-salient pairing. For both pairings, the blue choices were higher for the
longer latency trials than for the shorter half of trials. Our results confirm the existence of an S-cone input to the circuits driving the very
fastest saccades (Hall & Colby, 2016). They also show that at longer latencies saccades are more determined by their perceptual attributes
such as brightness, rather than low-level luminance.

Acknowledgements: Supported by the European Research Council Advanced Grant Color3.0 (project number 884116), and the Deutsche
Forschungsgemeinschaft (DFG) SFB/TRR 135 - A1,C2 (project number 222641018).
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When a target object physically overlaps in some way with a narrow, extended background element — such as a thin rectangle or tube —
the perceived size of the target can appear to change quite dramatically. We first noticed this effect in the context of the “rocking line”
illusion (RLI; Thornton & Todorovié, 2023), where we believe it serves as one mechanism responsible for generating the non-veridical
impression of tilted motion. Here, we demonstrate that this size modulation effect is much more general, and can easily be seen in
completely static displays. As with the RLI, the overall scale of the display seems to play an important role, as does the proximity of the
target and background element borders. Interestingly, the nature of the size change — whether the target appears thinner or thicker —is
a function of the luminance contrast step between the target and the background. We provide an online, interactive demo, making it
possible to explore the relevant parameter space. While it seems likely that what we are calling the “inner tube” effect can be explained
in terms of known properties of contrast border ownership and/or masking, we have yet to find a definitive explanation.
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Restoring vision to the blind or visually impaired is a highly aspiring goal. Cortical prosthesis offer a promising avenue towards this, but
one of the main challenges is to provide effective stimulation to the cortex via the visual prosthesis to enable performance of various
tasks. In this study, we aim to enhance the functionality and the quality of the percepts generated by simulated prosthetic vision (SPV).
We propose a novel approach to SPV that emphasizes the inclusion of gaze information into the stimulation in order to optimize object
recognition performance. This is because task-based representation of the information and incorporating gaze is an essential step for
future real-life applications. Our proposed method, Gaze-SPV, comprises four deep learning units: an Encoder, the Simulator, the Sighted
Unit, and the Blind Unit. These units collaboratively capture stimuli, simulate cortical implant stimulation, and mimic human perception.
Training consists of optimizing the Encoder and Blind Unit through perceptual loss and cross-entropy functions. Our results indicate that
the stimulation patterns proposed by GAZE-SPV differ importantly from those generated by a system that does not include gaze
information. The method is adaptable to include peripheral vision and is more meaningful for recognition of the surrounding
environment. In a pilot study we have compared the SPV in healthy observers, leveraging eye-tracking technology to incorporate real-
time gaze locations. The preliminary results suggest improved recognition performance with Gaze-SPV derived stimulation patterns. We
conclude that prosthetic vision focussed at object and scene recognition in real-world scenarios may be enhanced by integrating gaze
information.

Acknowledgements: This project has received funding from the European Union’s Horizon 2020 research and innovation programme
under the Marie Sklodowska-Curie grant agreement No 955590.
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There is growing interest in the properties of scanning three-dimensional visual space by attention. Revealing the properties is necessary
for knowing the target cognition characteristics of humans in daily life in real world, as well as for designing virtual world in which humans
could more easily operate. In the present study we investigated experimentally the properties of attention shift in three-dimensional
space with using shape matching tasks between two spatially separated objects. Of eight items arranged in a circle around a fixation
point on a liquid crystal display, six were distractors and were small square. The other two, placed in opposite side to the centre, were
targets, which were either vertical or horizontal rectangles. They oriented the same direction with a probability of 0.5. Participants
viewed these images dichoptic through mirrors. Their task was to determine whether the targets were oriented the same direction or
not. In some conditions the targets appeared at on the front parallel plane, in the others they were separated in depth direction. In
addition, there were three background conditions; a two-dimensional background plane consisted of random dots was presented at
fixation plane, in front of or behind the all items. As expected, participants responded slower when the targets were separated in depth.
There observed significant anisotropy in the effect of the background, with participants' performance decreasing as the background
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became more anterior to it, while the effect was negligible when the background had uncrossed disparity. This strongly suggests that
the properties of attentive scanning are based on the apparent spatial separability rather than retinal separability of items. The neural
basis of these findings will be discussed here.
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Spatiotemporal Models for Multisensory Integration in Mammals
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Multisensory integration is a process of redundancy exploitation, in which the brains combine information across the senses to obtain
more reliable and salient perceptual responses. While the neural and behavioural correlates of multisensory processing are increasingly
better understood, little is knowns as to how the dynamic patterns of sounds and light reaching our senses are processed and combined
to determine the integrated percept. This study demonstrates how a biologically plausible neural architecture, performing elementary
analyses of luminance and sound-level, is sufficient to jointly explain the spatiotemporal determinants of audiovisual integration and
crossmodal attention. When implemented using an architecture analogous to the motion detectors found in the insect brain, such low-
level analyses can broadly reproduce human'’s, rat’s and monkey’s behaviour—as tested in a large-scale simulation of sixty-nine classic
psychophysical eye-tracking, and pharmacological experiments on the spatial, temporal, and attentional aspects of multisensory
integration. Multisensory speech and spatial illusions, attention maps, and Bayesian Causal Inference all emerge from a population of
local correlators, that operate across time, space, and the senses.
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How do people receive and trust information on social media? Previous studies found that video and audio enhanced trust more than
text-only due to richer non-verbal information. However, the comparison between video and audio on trust remained unclear. This study
examined how communication modes (audio, video, subtitles, and their combinations), speaker gender, and content veracity affect
perceived trustworthiness. In a within-subject design, 31 participants watched 20 TikTok videos (5 communication modes * 2 genders *
2 veracities) and rated the trustworthiness (0-100) of the speaker and content with eye movement tracked. Interestingly, female speakers
(ANOVA, F(1, 30) = 14.65, p =0.001) and real content (F(1, 30) = 79.08, p < 0.001) were perceived as more trustworthy, but no significant
effects of communication modes on trustworthiness ratings of the speaker (F(2.80, 83.91) = 1.95, p = 0.133) and content (F(3, 90) = 1.11,
p = 0.348). Non-parametric tests were used to examine the non-normally distributed eye movement data. Significant effects of
communication modes on saccade count (Friedman test x2 = 66.45, p < 0.001), saccade amplitude (x2 = 95.87, p < 0.001), and fixation
duration (x2 =59.67, p <0.001) were observed, possibly due to subtitles caused a shift of visual attention from faces to subtitles, revealed
by analysis of interest area. Wilcoxon signed-rank test showed that viewers focus less on mouths (V = 86.00, p < 0.001) and more on eyes
(V=353.00, p =0.039) of speakers delivering fake versus real content. The findings highlight the influence of speaker characteristics and
content authenticity on trust judgement. Communication modes influenced visual attention but not trust, supporting the idea that video
and audio have similar effects on trust. The current study provides insights into the perceptual and cognitive processes of trust
evaluation.
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The visual system utilises several monocular cues to perceive the three-dimensional environment. One critical cue is shading, whereby
the three-dimensional shape of an object can be inferred by shading patterns in a process termed “shape from shading”. Shape from
shading has been considered an early and pre-attentive process, however recent evidence has suggested that there exists a later stage
of processing for shape from shading that requires top-down attention. Here, we investigated this proposal using event-related potentials
to record brain activity with great temporal resolution, whilst participants passively and actively viewed two-dimensional or three-
dimensional shaded stimuli. We found an early stage of shape from shading around 150-200 milliseconds post stimulus onset that
occurred during passive viewing, demonstrating processing for shape from shading without guided attention to the stimuli. Further, we
found evidence for a right hemispheric lateralization of this early processing only during active viewing, suggesting that guided attention
facilitated right hemispheric processing for shape from shading. Additionally, we found a later stage of processing for shape from shading
around 290-350 milliseconds post stimulus onset that occurred only when attention was guided to the stimuli. Therefore, this indicates
that guided attention is necessary for later-stage processing related to shape from shading. Finally, differences in processing between
convex and concave three-dimensional shape were observed at both early and later stages of processing, highlighting differences in the
processing of specific three-dimensional shapes. This research presents evidence for two separate processes involved in three-
dimensional shape from shading. Moreover, it suggests that guided attention facilitates early processing for shape from shading but is
necessary for later-stage processing related to three-dimensional perception.
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Crowding, the disruption to object recognition from clutter, places fundamental limits on vision. While crowding primarily affects
peripheral vision in adults, children show substantial crowding in foveal/central vision, with a protracted period of development. These
foveal crowding elevations would restrict key processes like reading, making it important to characterise this developmental trajectory.
Current estimates vary widely however, with adult-like performance estimated to occur anywhere from 6 to 12+ years old. We aimed to
resolve these ambiguities and characterise this developmental trajectory using methods optimised for the measurement of crowding in
children. Participants were children aged 3-12 years (n=94) and adults (n=25) with typical vision, who viewed a foveal ‘Pac-Man’ target
(like a Landolt-C) and judged its orientation (4 cardinal orientations). Targets were black, shown either in isolation or surrounded by 4
black ‘ghost’ flankers, with stimulus sizes and inter-element spacing (1.1x stimulus size) scaled using QUEST. Performance in the isolated
condition measured acuity via gap-size thresholds, which were high at 3-4 years and rapidly dropped to adult-like levels at 5-6 years,
consistent with prior reports. Gap-size thresholds rose when flankers were added, demonstrating foveal crowding at all ages. These
elevations were highest at 3-4 years, remained elevated at 5-6, and dropped to adult-like levels from 7-8 years onward. Thresholds
decreased at all ages when the contrast polarity of flankers was reversed (white), demonstrating a selectivity for target-flanker similarity
that matches crowding in peripheral vision. Comparison of our thresholds against prior studies suggests that later estimates for the age
of maturity are likely driven by measurement confounds and the underestimation of adult crowding. Our demonstration that foveal
crowding develops around 7-8 years nonetheless suggests a prolonged maturation of spatial interactions in visual cortex, consistent with
proposals that later-stage processes in the visual hierarchy (like crowding) develop more slowly than earlier processes.
Acknowledgements: Funded by the UK Medical Research Council (MR/K024817/1).
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Background and Purpose: Prioritizing the most urgent cases in cataract waiting lists requires practical and economical solutions. Here,
we investigated the feasibility of mailing patients a pen-and-paper contrast sensitivity test to identify eyes that require surgery. Methods:
Using a cross-sectional study design, the SpotChecksTM contrast sensitivity(a near chart with small spot targets of decreasing contrast
printed on an A4 card) test was mailed to patients (n=233) waiting for a cataract assessment, along with a prepaid return envelope.
Response rates were tabulated (stratified by age, sex, and socioeconomic status), and test scores were analysed to determine how well
the home tests predicted which eyes were subsequently referred for surgery. A subset of these patients (n=39) also received in-person
follow-up clinical testing to assess the accuracy of their home data. Results: Of the 233 patients, 108 (46%) responded. There were no
significant differences between respondents and non-respondents in terms of age, sex, geographical location, or socioeconomic status
(all p > 0.05). The home-test contrast sensitivity scores had an AUROC {* Cl 95%} of 0.69 {0.61 — 0.76} for predicting which eyes were
later listed for surgery. Machine learning was used to combine contrast sensitivity scores with the patient’s visual acuity (extracted from
the patient’s medical record) to further improve the prediction (AUROC {* Cl 95%} = 0.77 {0.70 — 0.83}). Follow-up testing in a subset of
patients (n=39) indicated home contrast sensitivity scores correlated with other clinical measurements including biometry signal-to-noise
ratio (p=0.032), LogMAR acuity (p<0.001) and Pelli-Robson contrast sensitivity (p<0.001 ). Thirty-six were asked about their preference,
and 26 of them (72%) said they preferred the idea of a pen-and-paper test over a digital app (14% had no preference). Conclusions:
Mailing people pen-and-paper sight tests may be a feasible, "low-tech" technique to help assign priority to patients on cataract waiting
lists.

Acknowledgements: Author MR was supported by the European Union’s Horizon 2020 research and innovation programme under the
Marie Sklodowska-Curie grant agreement No 955590.
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We studied behavioral and neural underpinnings of crossmodal emotional congruency on art perception. Paintings and music excerpts
were first piloted and rated as ‘happy’ or ‘sad’. In the experiment, the paintings were presented without music (unimodal condition) or
with music (crossmodal condition). In the crossmodal condition, the music could be emotionally congruent (e.g. happy painting, happy
music) or incongruent with the painting. We included Fourier scrambled versions of the paintings to control for the effect of semantics.
We tested 20 participants with fMRI while they rated the presentations. 2x2 repeated measures ANOVA analysis revealed that liking
ratings for modality (crossmodal or unimodal) x semantics (normal or Fourier-transformed paintings) were notably stronger for unimodal
presentations compared to crossmodal presentations (p<.001). Similarly, liking ratings were higher in the emotionally congruent
condition compared to the incongruent condition, with a significant interaction effect with semantics (p<.001). This suggests that
semantic information at congruent trials enhances the beauty ratings. The fMRI results showed that the crossmodal-unimodal contrast
predominantly activated auditory and emotion-processing regions, including the Heschl Gyrus, Superior Temporal Gyrus, and Insular
Cortex. Further, congruent and incongruent presentations showed marked differences in related sensory areas. Congruency x Semantics
revealed heightened activation in emotion-related regions, specifically the Right Putamen and Amygdala. Overall, these findings
emphasize the complex connection between emotions and semantic processing in multisensory art experiences.
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Search asymmetries for dynamic faces
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Faces are important stimuli. A key feature of faces is that they are dynamic, with discriminable temporal orders: Humans can discriminate
whether dynamic faces are presented in their natural (forward) or unnatural (backward) temporal order. In the current study, we
investigated the saliency of temporal order in a visual search paradigm. In particular, we tested whether search times for forward and
backward dynamic faces (among backward and forward face distractors, respectively) were differently affected by the face inversion
effect. We conducted two experiments using muted grayscale videos of models vocalizing a well-known text. The experiments only
differed in terms of the target type; the target was either forward or backward in time. Participants indicated whether the target was
present or absent. Targets were presented in matrices together with 3, 8, or 15 distractors. Faces were either presented upright or
inverted in separate blocks. In the upright condition, search slopes were as expected: Increased numbers of distractors increased RTs for
both forward and backward targets. Interestingly, in the inverted condition, the search slope was almost flat for forward targets. This
finding suggests that the targets stood out more strongly than in any other condition (also supported by the fastest RTs compared to all
other conditions). By contrast, the search slope for backward targets in the Inverted condition was steep: RTs clearly increased with the
number of distractors. These effects cannot be explained by sensitivity or criterion differences alone. Taken together, our results suggest
a search asymmetry for forward and backward targets. While forward targets were found highly efficiently when presented inverted,
backward targets were not. These results suggest that the saliency of forward and backward targets depends on the orientation of the
faces. Alternatively, observers may employ different strategies or use different cues depending on the stimuli and tasks.
Acknowledgements: This work is funded by TUBITAK 1001 (122K922).
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Most hand actions are guided by visual information. It has been reported before that actions also facilitate visual information. However,
the execution of action is accompanied by the movement of hands, which may interfere with the processing of visual targets. Here, we
tested whether or not the planning of action would also affect the visual processing of targets before hand movements. A single target
(Single) or a target surrounded by flankers (Surrounded) was presented on the screen while the EEG data were recorded. The target and
the flankers flickered at different frequencies so that their response could be separated with steady-state visual evoked potentials
(SSVEPs). We compared the SSVEP of the target on trials where participants planned to grasp the target (Grasp), planned to perform a
target-irrelevant task (Key Release), or planned to estimate the size of the target (Estimate). All participants were right-handed. A
transparent disc was placed on top of the target so that participants could grasp the object under the Grasp condition. We found that
compared to Key Release, a target-irrelevant task, grasp planning does not affect the response to a single target but enhances the
surround suppression of the flankers on the targets. This effect was observed only for right-hand grasping but not left-hand grasping.
We also compared the results with a perception task (Estimate) to further examine whether or not the influence was specific for action.
Again, grasp planning induced stronger surround suppression compared to the perception task. Overall, these results provide convincing
neurophysiological evidence that even the planning of goal-directed action affects the visual processing of the target. Future studies can
further examine the neural mechanisms of such influence.
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For those with aphantasia, it is difficult—or even impossible—to visualize a crisp red apple in their minds. This lack of visual imagery
bleeds into visual memory, with aphantasics recalling fewer objects (and in less detail) from memory than controls, despite intact
perception and semantic memory. In other words, aphantasia nearly selectively impacts memory for visual details, meaning that those
with aphantasia can serve as a “knock-out” model of visual memory. What causes this lack of visual memory, and—if not visual—what is
the content of their memories? Here, we leveraged the shared genetics and experiences of a unique set of identical twins—one with
aphantasia (VVIQ = 24), and one without (VVIQ = 47)—to answer this question. As identical twins are as similar as possible for two
individuals, this means that by running these twins through a series of mental imagery tasks during functional magnetic resonance
imaging (fMRI), we can selectively isolate neural differences unique to their differing imagery experiences. We collected perceptual
representations during novel image encoding, and collected mnemonic representations of those same images when the twins
subsequently recalled them using mental imagery. Using a support vector machine searchlight, we found that although the imager twin
had slightly more voxels capable of decoding representations between perception and memory—and with slightly higher accuracy—we
found a surprising degree of decodable visual information in the aphantasic twin’s mental imagery. However, we found the dissipation
of this visual information when the aphantasic instead conjured images of familiar items from longer-term memory stores. Interestingly,
functional connectivity patterns may underlie this lack of visual information, with the aphantasic having weaker functional connections
between occipitotemporal and frontal/parietal regions. Overall, this unique case of identical twins provides a nuanced insight into the
neural underpinnings of aphantasia and visual memory.
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Natural scene processing based on texture information: psychophysics and EEG

Taiki Orima?, Fumiya Kurosawa?, Isamu Motoyoshi?

ICiNet, NICT (JP), ZThe University of Tokyo (JP)

Human visual system can effortlessly recognize the category of natural scene images (beach, mountain, etc.). Traditionally, such visual
perception is based on the spatial layout of natural scenes. However, recent studies in psychophysics and computer vision suggest that
global information is important for the early phase of visual scene perception. To investigate whether the natural scene perception is
supported by the global information and how much it would be, we measured the classification accuracy for 250 natural scene images
and their two types of spatially-scrambled, texture-based synthesized images (PS-synthesized images based on low-level texture
information, and style-synthesized images based on high-level texture information). The results showed that 11 observers successfully
classified natural scene categories with about 40 % accuracy for PS-synthesized images and with around 80 % for the style-synthesized
images. These results suggest that high-level texture information is nearly sufficient for the recognition of natural scene category, while
the low-level image statistics are not enough to describe it. Additionally, to reveal cortical dynamics of the natural scene perception, we
recorded visual evoked potentials (VEPs) for the natural scene images, and analyzed the relationship between behavioral data and neural
activities. As a result, we found that the VEPs within short latency (200 ms after the stimulus onset) successfully classified the natural
scene category, and the representational similarity of VEPs and that of the behavioral responses were strongly correlated with each
other. Taken together, the present results indicate that visual recognition of natural scenes largely depends on the global statistical
information of natural scene images which are rapidly represented in the early visual cortex.
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375
Mapping idiosyncratic facial expression of emotion recognition: from eye movements to neural responses

Fanny Poncet?, Lisa Stacchil, Roberto Caldara?!

1University of Fribourg (CH)

The study of individual differences in face processing has significantly gained interest in the last few years. It has recently been shown
that the effective processing of identity involves both idiosyncratic visual strategies and idiosyncratic neural face representations.
Nevertheless, whether such idiosyncrasies exist for other face processing tasks is unclear. While some studies have evidenced individual
differences in the visual sampling of facial expression recognition (FER), none has explored yet their existence and consistency at the
neural level. To this aim, we first tracked the eye movements of 65 observers during FER of the six basic facial expressions of emotion
(FEE). With the use of data-driven statistical approaches, we isolated three visual sampling profiles characterized by a greater focus on
the eyes, central nose, or mouth regions. We subsequently acquired the electrophysiological signals during the implicit categorization of
the six basic FEE equalized for luminance and contrast with FPVS (fast periodic visual stimulation) on 30 among those participants — 10
per visual sampling profile. We recorded the neural responses, while fixation was enforced on the eyes, nose, or mouth regions. We
found a significant correlation between the preferred fixated facial feature during FER and the FPVS neural responses to the same facial
feature: the longer a face feature was fixated in FER, the more likely it was to elicit a stronger neural response when fixated during FPVS.
Interestingly, the strength of the relationship was modulated by the FEE. Altogether, our data show that the effective processing of FEE
involves visual and neural idiosyncratic representations, while this relationship is modulated by both the facial expression and the visual
sampling profile. Overall, these findings reinforce the view that the neurofunctional processing of faces is not rooted in universal
strategies and representations, even for the biologically relevant recognition of FEE.
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The magnitude of temporal synchrony in visual attribute changes affects the strength of visual segregation across space. Specifically, two
adjacent areas with multiple dynamic elements segregate perceptually when cross-area temporal correlation is low while within-area
correlation is high. To gain insights into the underlying neural computation, we investigated how the segmentation performance is
affected both by cross-area and within-area correlations. In our experiment, participants viewed a texture comprising Gaussian blobs
with time-varying luminance, color contrasts, or Gabor patches with varying spatial phases. The temporal variation of the attribute
followed a quasi-white noise with designated within- and cross-area correlations, where the areas implied the left and right halves of the
rectangle texture. Correlations varied in nine steps (from 0.1 to 0.9 in terms of the absolute cosine similarity). There were 45 correlation
pairs (cross-area correlation < within-area correlation). We developed an algorithm utilizing Vision Transformer (ViT) to generate the
texture stimuli with the intended correlation pair. Analysis of the generated textures indicated that the within- and cross-area
correlations were close to the designated values, and the difference in low-level statistics between the two halves was negligible. The
proportion correct for detecting texture segregation was measured for each correlation pair using the 2-IFC method. Results showed
that the segmentation accuracy increased as the cross-area correlation decreased and the within-area correlation increased. The
obtained psychometric functions could be explained well by a simple model where the proportion correct was a 1-D cumulative Gaussian
function of Cd = [weightx(1—cross-area-correlation)+(1-weight)xwithin-area-correlation] (R?> = 0.947, 0.919, 0.884 for luminance, color,
and spatial phase, respectively). The threshold Cd for each attribute was 0.63, 0.642, and 0.74, while the weight was 0.43, 0.46, and 0.40,
respectively. Our findings suggest that both within- and cross-area correlation directly influence segmentation and contribute nearly
equally to the performance.
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Seeing speech: Probing the cerebral mechanisms of Cued Speech perception
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For many deaf people, lip-reading plays a major role in verbal communication. However, lip movements are by nature ambiguous, and
do not allow for a full understanding of speech. Cued Speech was developed to complement lip-reading at the syllabic level with gestures
resulting from the combination of a set of locations and shapes of the hand. The recipient thus has access to the entire phonological
content of speech through the visual modality alone. Despite its proven efficiency, the mechanisms of Cued Speech perception remain
largely unknown. The present study mainly aims at identifying the cerebral regions involved in Cued Speech perception and encoding its
main components in expert and non-expert perceivers. To this end, we conducted an MRI study involving 3 groups of participants: Deaf
and Hearing people proficient in Cued Speech and a group of hearing Controls naive to Cued Speech. In Experiment |, participants were
presented with silent sentences in Cued Speech, in lip-reading only, and with only the gestural part of Cued Speech. This allowed us to
identify visual regions involved in the perception of full Cued Speech sentences: visual cortices identifying hand- and mouth- related
cues, including early visual cortices, plus lateral occipital and fusiform regions. Among those regions, most were activated more strongly
by the more salient gestures than by the more discreet lip-reading cues, but restricted sectors of the visual cortex had an opposite
preference for lip-reading. Those activations had only subtle differences between groups. In Experiment I, we presented repeatedly 16
silent Cued Speech syllables resulting from the combination of 2 hand positions x 2 hand shapes x 2 points of articulation x 2 values of
vocalic rounding. Decoding of those 4 features are currently conducted to determine whether each of the regions identified in
Experiment | encode the corresponding phonological distinctions.
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Accurate assessment of the visual field (VF) is essential in ophthalmic care and rehabilitation. Conventional VF testing (with standard
automated perimetry) can be too demanding for some individuals. Continuous stimulus tracking has been proposed as an intuitive and
fast alternative to conventional VF testing. Previously, we have shown that measured eye movements made during continuous stimulus
tracking can be used to accurately detect and stage glaucomatous VF defects. The aim of this study was to examine whether it is similarly
possible to detect VF defects due to acquired brain injury (ABI). Participants monocularly tracked a continuously moving stimulus
(Goldmann size-lll) at three contrast levels (40, 160, and 640%). We evaluated tracking performance (agreement between gaze and
stimulus position) in 16 participants with homonymous VF defects due to ABI (eight with a left and eight with a right primary visual cortex
lesion). We compared the data to previously collected data from 36 glaucoma patients and 36 controls. We found that the presence of
a VF defect due to ABI decreased tracking performance compared to the controls. Strikingly, in cases of comparable visual field loss, the
reduction in tracking performance in ABl was far less pronounced than the reduction observed in glaucoma. Furthermore, in ABI, tracking
performance increased less with increasing contrast than it increased in glaucoma as ABI participants reached ceiling level tracking
performance sooner. In conclusion, our findings show that VF defects in ABI lead to decreased tracking performance, but with a smaller
decrease in ABI than in glaucoma. Differences in compensation of VF defects with eye movements between ABI and glaucoma or
statokinetic dissociation (moving stimuli stimulate visual pathways that bypass the primary visual cortex and may thus be observed in
apparently blind parts of the visual field) are possible explanations for this difference.
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As Al applications become more pervasive across industries and individual users, and the computational demands of certain Al algorithms
such as large-scale deep learning models have increased in recent years, reducing the energy consumption of Al is becoming a crucial
concern. Energy consumption has played a significant role in shaping the evolution of sensory systems. Natural selection has favoured
sensory adaptations that optimise energy efficiency while maintaining adequate perceptual abilities and information content, allowing
organisms to effectively navigate and respond to their environments. The visual system is a major example of sensory system that has
evolved to efficiently gather and process visual information while keeping energy consumption as low as possible. In this work, we first
review the strategies employed by the visual system to efficiently process the torrent of information received by the retina. These
strategies include sparse coding and other methods for redundancy reduction, as well as attentional mechanisms and predictive coding.
We then examine how deep neural network models (DNNs) have integrated or could potentially integrate these strategies to reduce
their computational demands. Specifically, we investigate whether spike coding, which differs from the continuous-valued activations
typically used in DNNs, could enhance the energy efficiency of Al applications. We conclude that while vision science and neuroscience
may inspire us to replicate the energy efficiency of the brain, achieving this goal will require specific software and greater imagination to
translate the workings of biological systems into machines.
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Over the last decades, face learning was predominantly explained through the lens of the averaging hypothesis (Burton et al., 2005;
Jenkins & Burton, 2011) originating from computer modelling (Kramer et al., 2018). This rationale suggests that transient variations are
discounted whereas stable features are reinforced to construct a robust face representation over time. While this theory explains the
advantage for the recognition of variable faces in lab-based face learning studies (Baker et al., 2017; Corpus & Orient, 2022; Ritchie &
Burton, 2017) , it does not account for the demonstrated role of peripheral features in more ecological settings. Therefore, we have
proposed a cost-efficient theory of face learning that postulates that face representations evolve following a coarse-to-fine prioritisation
of facial information based on its relative stability over time. Following a similar parsimony principle, fixed learning contexts should foster
coarse facial representations while changing contexts should encourage the identification of diagnostic facial features and a refinement
of representations. To test these hypotheses, we designed a face learning experiment to check if variability of peripheral features and
context lead to better recognition performance. First, participants learn eight women’s faces with fixed or changing hairstyles, presented
against fixed and changing scenes while their eye movements are recorded. Participants then perform a speeded old/new task and
provide confidence ratings. These allow the calculation of area under ROC curves for each condition. Based on the cost-efficient theory,
we predict that inner facial features of faces learned with varying hairstyles and/or contexts will be better recognized than faces with
stable peripheral features and/or bound to a single context. Indeed, varying learning situations should yield the refinement of facial
representations, unlike in stable learning conditions. We expect these effects to be associated with different ratios of fixations on faces
and background scenes in the different learning conditions.

381
Orientation tuning of face processing in human V1
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Human face processing is constrained by prior knowledge of natural face statistics, namely that faces typically appear upright, and as a
strictly ordered alternation of contrast, best conveyed by horizontal morphological features. Using neuroimaging, we found that face-
preferring regions like the fusiform face area (FFA) are selectively tuned to horizontal content of upright face information. Orientation
selectivity is a fundamental characteristic of neural coding in the primary visual cortex (V1). This region is also shown to interact
recurrently with high-level visual regions to refine visual representations. The present fMRI study investigates the orientation selectivity
of face processing in V1 and ventral face-preferring cortex. To reveal the orientation selectivity for high-level and specialized processing
of face shape, we compared intact (natural and contrast-negated) and phase-scrambled faces, filtered in restricted orientation bands (at
0°,30°,60°,90°,120°,150°). We measured mean univariate response to specific orientation ranges across stimulus classes. Preliminary
results indicate that V1 orientation response profile follows a negatively-curved Gaussian dipping in the horizontal range. This horizontal
attenuation was most prominent for natural compared to negated and scrambled faces despite equal oriented energy across conditions.
Conversely, FFA responses for intact faces were highest at cardinal orientations. Moreover, multivoxel pattern analysis (MVPA) revealed
that stimulus class significantly impacts decoding accuracy in both V1 and FFA. Orientation decoding was more accurate for intact than
scrambled faces, with natural faces showing a cardinal advantage in both regions. V1 demonstrates higher orientation decoding accuracy
for negated compared to natural faces. FFA shows the opposite pattern with the most severe decline in accuracy in the horizontal range
with negation. These preliminary findings suggest that V1 orientation selectivity is influenced by stimulus properties presumably encoded
at downstream processing stages. This supports the view of V1 as an active blackboard, updating its orientation-selective coding under
the influence of higher-level visual regions.
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Itis widely recognized that, in fast vision, the visual system extracts the most relevant elements to create an early compact representation
of the scene. Based on the assumption that visual saliency may be determined by maximum entropy criteria coupled with computational
limitations, a recent model of early vision predicts a specific set of features as optimal information carriers, used to create this early
saliency map. Psychophysical and eye movements studies demonstrated that these optimal features are considered more salient than
other non-optimal, and they automatically attract attention. Considering the fast response timing of visual cortex’s neurons and the
similarity of their receptive fields with the spatial structure of predicted optimal features, V1 appears to be the most likely neural
substrate for this map. To test this, we conducted an ERP study focusing on the C1 component, a reliable correlate of the earliest
activation of V1, known to be modulated by selective attention. The task required to observe a compound containing a different
percentage of optimal over non-optimal features (signal-to—noise ratios: 0%, 30%, 60%, 100%) while EEG was recorded. In a few random
trials, a psychophysical task was introduced to measure individual preference for optimal features: one compound containing only non-
optimal features (deemed non-salient stimulus) was presented simultaneously with another containing a variable number of optimal
features (deemed salient stimulus), and participants were asked to choose “the most salient”. Results show that C1 latency decreases as
a function of stimulus SNR, in favor of the hypothesis that optimally-informative features get preferential treatment in fast vision,
probably for their power in grabbing attention. Psychophysical results confirm optimal features to be perceived as more salient than
non-optimal ones. Overall, our findings suggest that V1 may be the neural substrate responsible for computing efficient information
compression under computational limitation constraints.
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The processing and recognition of aversive facial expressions of emotion relies on specific brain regions. Notably, in human healthy
observers the insula is involved in a wide variety of functions ranging from aversive sensory to affective processing. However, how insular
lesions impact emotion recognition abilities have led so far to contrasted findings. To further investigate this issue, we examined a single
case of complex hypothalamic syndrome. Patient CE is a 38 years-old woman suffering from lesions in the right posterior insula, resulting
from a haemorrhagic stroke caused by a congenital arteriovenous malformation in the temporo-insular and lenticulo-thalamic regions.
We probed CE's ability to categorize the six basic static and dynamic facial expressions of emotion as well as the emotion of pain. A group
of 40 age-matched participants served as a comparative baseline for CE's performance. Modified independent samples t-test developed
for single case studies revealed a significant recognition impairment in the static condition for pain and disgust in CE compared to the
AM controls. Crucially, however, in the dynamic condition CE's performance did not significantly differ from the AM controls. The right
posterior Superior Temporal Sulcus (pSTS), which is spared in the patient, is functionally involved in social perception and dynamic
biological motion. CE’s advantage for the recognition of aversive dynamic facial expressions of emotion might thus result from effective
inputs and an intact functional pathway connecting the right pSTS to the insula. Altogether, our results provide new insights on the
mechanisms of both the healthy and impaired emotion recognition system for the processing of aversive facial expressions. Additionally,
they pave the way for innovative rehabilitation approaches exploiting the functionally preserved neural routes processing dynamic
affective information. Crucially, our data also underscore the need to reassess the reliability of conclusions drawn from brain-damaged
patients relying exclusively on static facial expressions.
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Sustained attention can be divided, i.e. the individual has to perform two tasks at the same time. When we are dealing with only visual
or auditory sensory input, there is an increase in the activity of the modality-specific cortex, while there is a decrease in that which is not
being specifically stimulated. Thus, when there is simultaneous visual and auditory stimulation, increases in activity in the sensory
cortexes may be smaller due to processing limitations. For the research, we developed two tasks in which we prioritized local processing
(High Spatial Frequency - HSF) and global processing (Low Spatial Frequency - LSF). In both tasks, we presented 150 radial sinusoidal
gratings with a Gaussian envelope of three sizes: 10 (cycles per degree of visual angle - cpd), 5cpd and 0.5 cpd, which could move by 29/s
and 109/s. In the baseline conditions, the results obtained were For the priority input stimulation of Global Processing, the average
movement coherence threshold obtained for 22/s (LSF2) was M=14.43, SD=6.97 and for 102 (LSF10) was M=12.20, SD=3.75. On the other
hand, the coherent movement threshold for input that prioritizes Local Processing, at speed 22/s (HSF2) (M=13.22, SD=5.65) and for
109/s (HSF10) M=13.48 (SD=5.08). In the divided attention experimental condition, the result was LSF2 M=20.96 (SD=11.84), LSF10
M=15.27 (SD=6.58). For HSF2, M=26.31 (SD=10.48) and HSF10 M=15.81 (SD=6.6). Even though the movement coherence thresholds
were higher no significance was found (p> .05). We conclude that selective attention based on coherent motion thresholds already has
a high attentional demand, reducing the effectiveness of the auditory attentional demands used.
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Abrupt improvements in performance often occur following several unsuccessful attempts at a task, demonstrating that learning can be
quickly engaged under the appropriate circumstances and retained over time. Studying these circumstances and their underlying
mechanisms are important for our understanding of how the brain discerns optimal moments for acquiring and retaining new
information. At present, these mechanisms are not well understood. We hypothesize that abrupt learning could manifest in at least two
main ways: as a culmination of gradual latent learning reaching a threshold, or as an inherently abrupt learning event in itself. To examine
our hypotheses, we conducted a visual foraging experiment with human participants, where they learned to locate hidden reward zones
within naturalistic images through trial and error, using eye movements. Importantly, we halted the learning process for some images
and evaluated participants' performance across all images the following day. The two hypotheses provide distinct predictions about the
halting. According to the first hypothesis, when halting prevents abrupt learning, there will be a performance improvement for the same
images on the following day due to latent learning. According to the second hypothesis, participants are expected to perform as naive
observers on the following day. Our results supported the first hypothesis, revealing that participants performed a more informed visual
search the following day, particularly for images where no learning behavior was observed on the initial day. Specifically, they avoided
revisiting unrewarding locations from the initial day. Further insights into the potential mechanisms of latent and abrupt learning were
gained through a thorough analysis of eye-tracking data. Subsequently, we tested these mechanisms using a reinforcement learning
model. The integration of experimental findings and computational modeling affords a comprehensive understanding of mechanisms of
abrupt learning within the visual foraging setting.

155



European Conference on Visual Perception 2024

Acknowledgements: Unifying Neuroscience and Artificial Intelligence - Québec, Fonds de recherche du Québec — Nature et technologies,
Fonds de recherche du Québec — Santé, Canadian Institutes of Health Research, IVADO, Canadian Institute for Advanced Research, Calcul
Québec, Google, Compute Canada, Natural Sciences and Engineering Research Council of Canada.

386
Beating the iconic Arcade Game Pong — How Aging Impacts Predictive Gaze and Interception Performance

Leonard Gerharz!, Anna Schroeger?, Dimitris Voudouris?

LJustus-Liebig-University GieRen (DE)

To track and intercept a moving object, humans use eye and head movements to direct gaze at relevant positions that will foster
associated body movements. If the moving object is tracked and its trajectory can be inferred, humans may predictively shift gaze to
positions that are task-relevant in the future. Those predictive gaze shifts can compensate for sensorimotor processing delays. Due to
naturally increased sensorimotor uncertainty and delays with aging, older adults may rely more on predictive gaze behavior in dynamic
tasks. To investigate whether aging leads to greater reliance on predictive gaze when performing a sequential pursuing and interception
task, we examined unconstrained gaze of younger and older adults while playing Pong. Participants competed against an artificial
opponent in four randomly presented levels that differed in the underlying demands, from low (slow ball speed, large paddle) to high
(fast ball speed, small paddle) difficulty. If aging leads to stronger reliance on predictive gaze, we should find earlier gaze shifts to future
positions of interest (i.e. bouncing locations), which may be more pronounced when more precise visual guidance is needed (i.e. high
task difficulty). Preliminary data show that both age groups intercept worse and increase saccades with greater task difficulty. The smaller
paddle appears to elicit earlier gaze shifts to bouncing locations than the larger paddle, regardless of ball speed. Older adults appear to
engage more head movements when the ball is approaching their paddle, compared to younger adults. Our results suggest that people
shift gaze to positions of interest earlier when the task needs more precise visual control, possibly because this allows them to obtain
relevant visual input earlier, but do not provide evidence that aging leads to earlier gaze shifts to those positions. However, head
movements could be a strategy for older adults to reduce sensory uncertainty.
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Studies on grapheme-color synesthesia have revealed that association between graphemes and their synesthetic colors are affected by
various linguistic factors. Recently, Yang et al. (2024) compared Japanese and Taiwanese synesthetes in their associations between
graphemes (Kanji or Chinese characters) and their synesthetic colors. They found common and distinct characteristics affecting
grapheme-color mappings, indicating that linguistic characteristics of graphemes influence the synesthetic letter-color mapping in a
language-specific manner. Previous studies also revealed that synesthetic colors themselves are not randomly distributed in chromaticity
space but form clusters (Hamada, et al. 2016). Do linguistic factors also influence on the distribution of synesthetic colors in color space?
The current study addressed this issue by comparing synesthetic color clusters between Japanese and Taiwanese synesthetes. Fourteen
synesthetes (8 Taiwanese and 6 Japanese) identified their synesthetic colors using the Munsell color system for 179 Chinese characters
or Kanji shared by Japanese and Taiwanese. Reported synesthetic colors were converted to CIE L¥a*b* color space, and their spatial
distribution was analyzed by L function. Spatial statistical analyses revealed that all synesthetes have clustered distributions. To clarify
the relationship between color distributions of two synesthetes, cross-L function analysis can evaluate whether two distributions are
independent, attractive, or repulsive. The cross-L function analysis revealed that regardless of native language, distributions of most
synesthetic pairs were attractive, meaning that synesthetic color distributions have some basic similarities. To evaluate the distributional
similarity more directly, we calculated Wasserstein distances between synesthetic color distributions. Again, regardless of the native
language, there were no systematic differences in distributional similarities between Japanese and Taiwanese synesthetes. These results
suggest that sampling of synesthetic colors from color space and clustering in their distribution are not modulated by linguistic factors
and may be universal characteristics of grapheme-color synesthesia.
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Since 2010, the number of fatal accidents at work in Europe has remained above a glass floor of 3200 deaths a year. The nature and
causes of these accidents are varied (falls, road accidents, illnesses, etc.) but result, in 80% of cases, from dysfunctions in the "human
factor". The "human factor" includes all non-technical skills: situation awareness, decision-making, communication, teamwork,
leadership, stress management and fatigue management. More specifically, situation awareness is the ability to know what is happening
in one's environment in a given situation. It consists of three stages: (1) perception of the spatio-temporal elements of the situation; (2)
understanding of the elements and the situation; and (3) projection of these elements into the future situation. Several studies used eye-
tracking measurements to quantitatively measured situation awareness with duration fixation, number of visits, number of fixations and
spatial exploration. The goal of this study is to characterize situation awareness, in the form of behavioral profiles, on the basis of eye-
tracking and performance data using k-means unsupervised clustering algorithm and linear discriminant analysis. For this purpose, we
use an interactive planning and resource allocation task, called “Water Purification Plant”. During this task, we collect several eye-tracking
and performance indicators to characterize situation awareness. Our preliminary results on 23 participants showed the presence of two
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different behavioral profiles for situation awareness. The “high” situational awareness profile is mainly characterized by good
performance on the task due to higher spatial exploration of the scene. Moreover, this profile differs from the “low” situational
awareness profile by a lower number and duration of fixation. The eye-tracking pattern in the case of good situational awareness would
be more refocused on the areas of interest necessary for the proper execution of the task, with a more global and controlled exploration
of the scene.

Acknowledgements: This research is supported by a grant issued from the Chair industrial Behaviour (https://chaire-behaviour.com/).

389
Representations of unfamiliar objects before and after movement

Casey Becker?, Astrid Zeman?

LUniversity of Melbourne (AU)

Visual objects in the human brain are represented along an animacy continuum, where objects that are more animate (e.g. humans) are
placed on one end of the spectrum, and objects that are less animate (e.g. a lemon) are placed on the other. This spectrum has been
explored in terms of agency, humanness, predictability, face-body divisions, capacity for movement and more. Despite animacy,
predictability and movement potentially playing a significant role in object representations, this topic has predominantly been studied
using static images, neglecting the dynamic aspects that contribute to how objects are represented in relation to one another. In this
study, we include video stimuli to investigate how motion influences the perception of animacy and agency in familiar and unfamiliar
objects. Specifically, we employ robots as novel objects that sit on the animate-inanimate border and are shape matched to biological
counterparts that fall along the animacy spectrum. Novel objects are capable of self-initiated movement, with both fast and slow
dynamics, and we include two control cases of objects being moved by external forces. Thus, our experiment has 3 shape-matched
conditions: biological, fast unfamiliar and slow unfamiliar. We assess properties of perceived intelligence and agency of these novel
objects using the Meadows platform, before and after watching videos of the objects in motion (n=20). Given that participants have had
little to no exposure of viewing these unfamiliar objects prior to video watching, our results relate to predictive coding principles, where
the representation of objects is influenced by how we expect them to move. Our results shed light on how we represent embodied
artificial agents along the animacy spectrum. Furthermore, we discover the interaction between the shape and motion dynamics of
unfamiliar objects in how they are perceived in relation to one another.

Acknowledgements: This project was partly funded by an MCDS Seed Funding Grant.

390
Visual field position and familiarity effects under interocular suppression

Mengdie Lil, Weina Zhu?, Jan Drewes?

1Sichuan Normal University (CN), 2Yunnan University (CN)

Our brain reacts differently to visual stimuli of different patterns or presented at different retinal locations. Previous studies suggested
that, in standard viewing conditions, visual perception varied depending on visual hemifields. However, under interocular suppression,
the influence of position on visual performance is unclear.In this study, we used Continuous Flash Suppression (CFS) to allow for a more
comprehensive comparison of visual field performance. Additionally, we compared the competitive advantage of stimulus familiarity.
Experiment 1 adopted breaking Continuous Flash Suppression (b-CFS) to compare response times (RTs) of targets (familiar/unfamiliar
icons) at nine positions in the visual field, compared to baseline (no-CFS). Experiment 2 combined CFS with a discrimination task and
adopted EOG to further investigate perceptual processing. Results were largely consistent across the two experiments. RTs for targets in
the nasal visual field were consistently faster than those in the temporal hemifield. Targets located on the horizontal meridian
demonstrated better visual performance compared to the vertical meridian. Also, an advantage in the upper visual field on the vertical
meridian was observed. Additionally, we found that the detection of familiar targets was faster compared to unfamiliar targets.
Interestingly, while the horizontal and vertical meridians exhibited superior visual performance in the discrimination task, we observed
the opposite pattern in the b-CFS task. Generally, under CFS the advantage of the center position was diminished. These findings indicate
that the positional competition mechanism under interocular suppression differs from standard viewing conditions. Interocular
suppression introduced asymmetry in nasal-temporal hemifields, while differences in other visual field positions were reduced. For
stimulus familiarity, the perceptual advantage for familiar targets may be attributed to enhanced processing in the unconscious stage.
Therefore, it is crucial to characterize positional biases under interocular suppression to control unwanted effects and minimize their
impact on result interpretation.

391
How Exposure to Diverse Faces Shapes the Computational Mechanism of Face Perception

Elaheh Akbarifathkouhi!, Katharina Dobs?

1Justus Liebig University Giessen (DE)

Despite humans' proficiency in recognizing faces, they often face difficulties when identifying faces from races less familiar to them, a
phenomenon known as the Other-Race Effect (ORE). Although extensively studied, the computational mechanisms underlying this
phenomenon remain elusive. Here, we use deep convolutional neural networks (CNNs) to investigate how racially varied facial exposure
affects the networks’ feature processing and alignment with human face perception behavior. We trained three CNNs: one exclusively
on white faces, another exclusively on Asian faces, and a Dual CNN on both. Consistent with prior research, single-trained CNNs exhibited
an ORE, showing decreased performance on untrained races. Intriguingly, the Dual CNN performed well on both races, outperforming
the single-trained CNNs. This indicates that diverse training mitigates CNNs’ ORE — a finding paralleled in human development. To directly
assess these findings’ relevance to human behavior, we evaluated the consistency between CNN decisions and those of Asian and white
participants in a triplet matching task. The Dual CNN best aligned with the behavioral choices across all participants, despite their own
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ORE, suggesting that diverse training equips CNNs with a broader, more generalized understanding of facial features across races. Further
analysis of the CNNs’ feature processing revealed that, unlike the single-trained networks which showed race-specific representations,
the Dual network showed a unified representational space for all faces. To explore this integrated feature space’s generalizability, we
tested all CNNs on an entirely unfamiliar race, black faces, and found that the Dual CNN again outperformed single-trained CNNs. This
finding offers testable hypotheses on the impact of diverse facial exposure on human cognition. Overall, our results show that training
on diverse datasets not only mitigates inherent biases in CNNs but also aligns them more closely with human behavior, thereby providing
a stepping stone towards a computational understanding of the ORE in humans.

Acknowledgements: This work was supported by the Deutsche Forschungsgemeinschaft (DFG, German Research Foundation)-project
number 222641018-SFB/TRR 135 TP C9, “The Adaptive Mind”, funded by the Excellence Program of the Hessian Ministry of Higher
Education, Science, Research and Art, and the European Research Council (ERC Starting Grant DEEPFUNC, ERC-2023-STG-101117441).

392
Capturing Aesthetic Experience by verbal expressions:
Identifying core concept variables from natural language processing

Marella Campagna?, Claus-Christian Carbon?, Alexander Pastukhov3

1Bamberg University (DE), 2Bamberg Graduate School of Affective and Cognitive Sciences (BaGrACS), Bamberg, Bavaria (DE), 3Research
Group EPZAG (Ergonomics, Psychological Zsthetics, Gestalt), Bamberg University, Bavaria (DE)

A fundamental challenge for aesthetic research, independently of the sensory domain (e.g., visual, haptic, acoustical), is to capture
aesthetic experience in an adequate way. A series of questionnaires, scales, and inventories exist, but they are mostly based on the
intuitive thinking and beliefs of single researchers. Here, we offer a data-driven approach that utilises the Python Natural Language
Processing (NLP) library, out of which we generated a corpus with “Syntems” as its foundational vocabulary units. This was followed by
employing the Sentence Transformer library to calculate multidimensional embeddings, thereby establishing a semantic representation
of words across various contexts. These embeddings encapsulated the meanings of words by positioning them within a high-dimensional
space. Words with semantic similarities converged within this space, aiding in concept delineation. Subsequently, we assessed cosine
similarity (range 0 to 1) between the embeddings of approximately 20,000 words and the term “visual”, “haptics,” etc., refining our
dataset to 1,000 words indicative of significant relevance for the specific sensory domain. Leveraging the UMAP (Uniform Manifold
Approximation and Projection) machine learning algorithm, we projected these embeddings from the high-dimensional space to a 2D
plane, preserving their relative proximities to visualise semantic relationships. Despite the utility of the aforementioned approach, it
exhibited notable limitations: The 2D projection stability is questionable, as minor alterations in the data points can yield significantly
different visual representations, undermining the reproducibility of the semantic maps. Additionally, the specificity of embeddings—
crucial for elucidating well-defined constructs—required further refinement to enhance their discriminative capability and group
delineation. Despite these limitations, we can offer a tool that is capable of producing comprehensive lexicons, specifically for certain
sensory modalities, different application areas and addressing language-specific linguistic descriptions. As such it can be a highly valuable
tool for establishing more comprehensive, fine-attenuated and highly specific inventories.

393
Computational mechanisms underlying contextual and structural biases in time perception

Laetitia Grabot?!, Anne Giersch?, Pascal Mamassian?

ICNRS/ENS-PSL (FR), 2Strasbourg University (FR)

Time is a fundamental aspect of perception but is also surprisingly highly variable across individuals: time perception depends on both
idiosyncratic traits and environmental adaptation processes. Distinguishing these two sources of bias allows us to dissociate the
predictive mechanisms that generate them. These structural and contextual biases have been observed separately, but their interaction
has not been quantified. Our goal is to study how structural constraints and adaptive mechanisms interact in the perception of time in
healthy participants. We quantified precisely the structural and contextual biases in a duration discrimination task to constrain models
of duration perception. Following the presentation of two consecutive stimuli, participants had to judge which one lasted the longest.
The stimuli were either both visual, both auditory or one from each modality. Confirming previous reports, a sound was often perceived
longer than a visual flash of the same duration, a bias that probably reflects intrinsic properties of audiovisual neural processing. This
bias was variable across individuals but stable within an individual, thereby reflecting structural constraints. Contextual biases were
manipulated using two duration distributions, that is known to modulate the perception of a given duration. Each of the two durations
to compare came from different distributions (short/long or long/short). Bayesian models are typically used to explain contextual effects
in estimating duration, such as regression to the mean. Another mechanism, leading to opposite predictions, is based on recalibration:
after repeated exposure to a constant lag, the perceptual system is able to correct for this lag and shift the perception of subsequent
durations. Preliminary results show that participants’ responses are mostly driven by recalibration processes rather than Bayesian
adaptation. These results challenge existing literature on contextual effects in duration perception and suggests that the brain operates
some normalization to represent durations.

Acknowledgements: The project is supported by the Anneliese Maier Award from the Alexander von Humboldt Foundation, the FRC and
UNAFAM, with scientific expertise provided by the FRC Scientific Council.

394
Influence of Aging on Vection

Kayoko Murata?, Makoto Ichikawa?
1Kobe Gakuin University (JP), 2Chiba University (JP)
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We might feel as if we are moving in the opposite direction to what is moving around us, even though we are standing still. This
phenomenon is called "vection" (self-motion perception). It is known that the latency of vection tends to be shorter in the elderly in
younger people (Lestienne et al, 1977; Lich & Bremmer, 2014). In addition, the center-of-gravity sway during the observation of vection
is larger in the elderly than in the young, but the vection rating is low (Haibach et al, 2009). Recently, it has been reported that the center-
of-gravity sway is larger in the elderly than in the young, but there is no difference between them(Kenney et al, 2021). The present study
examined the integration between visual and vestibular senses during vection occurrence in the elderly using video images similar to
real-life situations. In Experiment 1, multiple images using four 75-inch monitors, intensity of the vection generated from viewing two,
three or four of front, floor, right and left monitors. We found that vection occurred faster in the elderly than in the younger subjects. In
Experiment 2, a single screen presented the video images, and we compared the strength of vection between the standing and seated
conditions. The results showed that there were no significant differences between the elderly and younger participants in both the
posture and presentation location conditions. These results confirmed that the magnitude of center of gravity sway does not affect
vection in elderly as well as younger participants. When stimuli were presented at multiple monitors, vection occurred faster than
younger participants in the elderly. These characteristics suggest that the elderly are less likely to establish independence of sensory
aspects.

395
Target-irrelevant features can affect behaviour in a visual foraging paradigm

Anna Hughes!, Elliot Richardson?, Katie Quinn?, Alasdair Clarke?!

1University of Essex (UK)

Visual foraging is a task in which participants search for multiple instances of targets in the environment. In one popular paradigm,
participants are tasked with finding all exemplars of two different classes of targets on a 2D display. Previous research has shown that
behaviour in this task can be affected by the difficulty of the search and the value assigned to the targets. Our recent modelling work has
also shown that spatial factors can strongly affect behaviour, with participants preferentially selecting nearby targets. Here, we show
that behaviour can also be affected by task-irrelevant features of the display. In a first experiment, participants carried out classic
conjunction foraging trials, but on some trials, a white line was added to the display, either spanning the entire vertical midline or the
horizontal midline. We find that participant strategies are affected by these irrelevant features, with participants selecting targets in an
order that reduces the number of times they cross the line compared to a control condition without any lines present. We further
investigated this effect in a second experiment, with two levels of difficulty: easy trials where targets were distinguished by one feature
(colour) and difficult trials where the target was defined by the conjunction of two features (colour and shape). The target array could
also have three different configurations: cardinal (a ‘standard’ grid array), rotated (a grid array rotated by 45 degrees) or uniform random.
Finally, some trials had a task-irrelevant feature (a vertical white midline) added to the display. We again find avoidance of the line,
regardless of spatial structure or task difficulty. Our findings suggest participants may use the line to split the stimulus into two ‘patches’,
and may help to link work on modelling target-by-target behaviour in visual foraging with the literature on optimal patch leaving
behaviour.

Symposium 5 - Gaze patterns in natural behaviour

Age-related changes in eye movements during manual tasks

Dimitris Voudouris?, Leonard Gerharz

Hustus Liebig University Giessen (DE)

Humans use their vision to plan and control their body movements. They can continuously shift their gaze to scan for relevant information
in the environment or direct and maintain their gaze to specific positions even before the relevant visual information appears in those
areas of interest. While the former can help obtain visual input from larger parts of the environment, the latter predictive gaze shifts can
help circumvent delays in visual processing, and poorer peripheral vision, and reduce costs associated with eye movements. As aging is
associated with compromised sensory and motor processes, we examine whether older adults rely more on predictive gaze when
performing visuomotor tasks. Young and older participants reached to hit a visual target that appeared at a position that was either
predictable, somewhat predictable, or chosen randomly in each trial. Gaze was shifted earlier towards more predictable targets, but
older adults did not appear to rely more on predictive gaze than younger adults. We then asked participants to reach and hit a central
target that would jump to a lateral position upon hand movement initiation. This new position was again predictable, somewhat
predictable, or random. Again, participants shifted their gaze to the new position earlier when that position could be deduced. Contrary
to the previous experiment, older adults demonstrated earlier predictive gaze shifts than younger participants. In a third study, where
participants intercepted a moving target at a predetermined hit area, older adults looked at the hit area earlier than younger adults, and
they did so well before the target arrived there. We show that aging does not necessarily lead to predictive gaze allocation when planning
and controlling arm movements. Rather, gaze can be predictively allocated when the underlying circumstances make it advantageous to
circumvent reliance on online vision.

Acknowledgements: This work was supported by the German Research Foundation (DFG) under grant agreement VO 2542/1-1.

Coordination of bimanual movements when acting on separate objects is shaped by competition for gaze

Jolande Fooken?, Tianyao Zhu?, Jason P Gallivan?, J Randall Flanagan?

1Queen's University (CA)

When performing real-world manipulation tasks, such as cooking, our two hands grasp, move, and place multiple objects in variable
locations. In such tasks, objects that are manipulated by each hand may become available (or relevant) at different times during the
unfolding action. We designed a task in which participants used their left and right hands to independently grasp objects at separate
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start locations. Each object was dropped in respective slots located to the left and right of the midline. After an object was dropped, a
new object appeared at the corresponding start location. Left objects always appeared 0.5 s after a left drop, and right object
reappearance varied, across trials, from 0.5 to 3.5 seconds. The left hand was free to continue to move while the right hand awaited a
new object. Each trial lasted 40 s and participants received points for object drops. We found that participants consistently fixated
manipulation events, with gaze being at object grasp in 92% and object drop-off in 95% of all events. When both objects were available
shortly after each drop, participants subsequently fixated each start position during grasp before shifting gaze to each object drop-off.
In these trials, participants moved their two hands together—with a 1:1 left:right movement ratio—but with a flexible temporal offset.
As the right object delay increased, the probability of fixating and moving the left object alone gradually increased towards a 2:1 left:right
movement ratio. In general, the temporal coordination between the hands was highly flexible and not constrained to fixed movement
ratios within a trial. This seemingly complex pattern of hand coordination could be explained by a model that optimized reward and
included competition for gaze resources (requiring gaze to be directed to each object as it was grasped and each slot as an object was
dropped).

Acknowledgements: Deutsche Forschungsgemeinschaft (DFG) Grant FO 1347/1-1.

Exploring everyday actions: Gaze behaviour during stair climbing

Andrea Ghiani?, Eli Brenner?

Vrije Universiteit Amsterdam (NL)

In daily life, an interesting situation arises when a task does not impose a certain gaze strategy, but does benefit from visual guidance.
An example of such a task is stair climbing. | will first describe some new measures to quantify where people look when climbing
staircases. Exploiting these measures revealed that there is a lot of variability across participants in terms of where they look, including
variability in the number of fixated steps. Despite such variability, there are clear differences between where participants looked when
climbing stairs in a familiar setting compared to when doing so in laboratory settings, including a systematic tendency to fixate fewer
steps. We also found that participants fixated more steps and looked around less when explicitly asked to navigate a staircase than when
they navigated the same staircase within the context of a longer task that involved navigating the staircase, but in which the staircase
was not explicitly mentioned. Delving further into the observed variability across participants in the number of fixated steps, we showed
that at least part of the variability could be attributed to highly idiosyncratic gaze strategies. This is revealed by the correlations between
participants’ fractions of fixated steps across different conditions, such as when ascending or descending the staircase, when climbing
with or without a tray, and when climbing with or without another person in front of them. The large, systematic variability across
participants suggests that evaluating individual differences might be essential for really understanding the allocation of gaze in everyday
actions.

On the role of eye and head movements for walk transitions in real world scenes

Christiane Wiebel-Herboth?, Petros Georgiadis, Martina Hasenjaeger!

1Honda Research Institute Europe Gmbh (DE), ZJustus-Liebig Universitaet Giessen (DE)

Human gaze behavior plays a significant role for successful goal-directed locomotion. Yet, it has been rarely employed in multimodal
models for predicting real-world human walk behavior. In this study, we set out to investigate its potential for improving the prediction
of upcoming walk mode transitions in real-world urban scenes. We use a publicly available data set including IMU motion data and gaze
data from the Pupil Labs Invisible eye tracker. 20 participants completed 3 laps of an urban outdoor walking track including 3 types of
walk modes: level walking, stairs (up, down) and ramps (up, down). In line with previous work, we found that participants direct their
gaze (vertical eye and head angle) more strongly towards the ground during more challenging transitions. Moreover, participants adjust
their gaze behavior prior to adjusting their gait behavior. Thus, we trained a random forest classifier for predicting walk mode transitions
based on either gaze or gait parameters or on the combination of the two. Results show that more challenging transitions involving stairs
are easier to predict and that combining gaze and gait parameters leads to the most reliable results. However, gaze parameters had a
greater impact on classification accuracies compared to gait parameters in almost all scenarios. While accuracies for correctly predicting
a transition drop as a function of the forecasting horizon (1 to 4 steps ahead), we still find an average classification accuracy of 60% based
on gaze and gait data, for predicting a transition from walking to either stairs up or down, 4 steps ahead in time. Taken together, our
results suggest that gaze behavior changes in anticipation of an upcoming walk transition and as a function of the expected challenge for
balance control. Consequently, we show that it can significantly improve the prediction of walk mode transitions for real-world gait
behavior.

Gaze Strategies in High-speed Racing

Otto Lappi?t

1University of Helsinki (FI)

When we move in 3D space, active gaze usually determines when, from where, and for how long visual information gets sampled. In the
skilled performance of experts, such as elite athletes, specific gaze strategies are found to support the exceptional perceptual-cognitive
skills. Eye tracking can be combined with performance analysis to gain insight into how gaze contributes to perceptual-cognitive
organization of such performance. This in turn can deliver insights into the underlying visuomotor, attentional and memory abilities,
beyond what can be gleaned from simplified laboratory experiments. For example, in the case of a racing driver taking bends at speeds
up to 200-300 kph the perceptual-cognitive system and motor coordination are pushed to the limits, and task performance likely depends
critically on timely gaze coordination. | will present as a case study measurement and analysis of the eye movements of a professional
racing driver a high-grade industrial racing simulator. | will introduce a novel analysis concept (Gaze Keypoint events and locations) which
was used to combine eye, head, telemetry and localization data for visualization and analysis, and show how gaze (i.e. eye and head)
coordination is embedded within the unfolding skilled action sequence, with a striking consistency. | then discuss how the method and
results extend existing work on expert gaze strategies in sports, what they inform us about the underlying perceptual-cognitive processes,
and how they can point to new ways of analyzing and interpreting active gaze data in the wild.
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Talk Session 9 - Objects & Scene Perception

Mapping Neural Activity During Free Viewing with Concurrent MEG and Eye Movement Recordings

Matias Ison?, Joaquin GonzalezZ, Damian Care2, Markus Bauer?, Anthony Ries3, Juan Kamienkowski2

1University of Nottingham (UK), 2University of Buenos Aires (AR), 3U.S. Army Research Laboratory (US)

Eye movements are essential for most daily tasks, from reading a book to driving. While a lot is known about eye movement patterns
and behaviour underlying real-world tasks, the understanding of the underlying neural mechanisms is much more limited. One crucial
reason for this is that eye movements produce artefacts in the electrophysiological (M-EEG) recordings that are larger than the brain
signals. Here, we present a novel approach to analyse concurrent MEG and eye tracking recordings. We first show how we can identify
and characterise robust markers of saccadic spike artefacts in the time domain and in the frequency domain. By applying source
modelling to saccade and fixation aligned data, we found a strong lambda response appearing around 100ms after fixation onset, which
is localised in the primary visual cortex. We used this approach to investigate the neural underpinning of hybrid search, where observers
search for any of several possible targets. The analysis of fixation-aligned evoked responses allowed us to identify a robust target-related
component, consistent with the P3 component frequently observed in target-detection tasks. A time-frequency analysis performed
across the whole task allowed us to study the signal power changes when memorising, retaining, and searching for an object. We found
a significant occipito-parietal power decrease in the Alpha band (8-12 Hz) activity, which was modulated by memory load. Finally, a
connectivity analysis led us to observe the emergence of a visual network during visual search. Altogether, our approach offers a way to
investigate neural processes under conditions that are close to real-world situations.

Acknowledgements: This research was supported by CONICET (PIP 11220150100787C0) and ARL (Cooperative Agreement Number
W911NF1920240 and W911NF2120237 awarded to MJI and JEK). 46.

Assessing the role of inter-object relations in visual cortical responses to natural scenes

Giacomo Aldegheri?, Steven Scholte?, Iris Groen?

Lustus Liebig University (DE), 2University of Amsterdam (NL)

Real-world scenes are more than collections of objects: they also involve relations between them. A scene with a chair under a table is
substantially different from a scene with a chair on top of a table, and this difference can be readily perceived. Whether inter-object
relations are explicitly encoded in the human visual system, similarly to the identity of individual objects, remains an open question.
Here, we take advantage of a large-scale fMRI dataset of human subjects viewing richly annotated natural images (~3000
images/subject). This dataset includes explicit labels of both the objects present in each image, and relations between them. By directly
fitting these labels to the fMRI data using voxel-wise linear encoding, we find that relations explain no unique variance, with most
variance shared between objects and relations, and some unique to objects. This result holds both when object and relation labels are
encoded as binary vectors and as language model embeddings. We additionally test whether multiplicatively binding object labels with
their roles within a relation (agent or patient), a classic connectionist method for encoding relational information, improves their fit to
the data. On the contrary, we find that multiplicative binding reduces the fit compared to simply summing up all the labels. However, in
apparent contradiction to these results, and consistently with previous findings, we find that language model embeddings of full scene
descriptions can fit the fMRI data better than all other representations, indicating that representations in the visual system are not
limited to mere collections of object identities. Together, these results suggest that inter-object relations are not represented explicitly
and independently of object identities in the human visual system. On the other hand, richer scene descriptions do provide additional
predictive power, raising the possibility that relational information might be represented in a more implicit format.

Understanding the time course and spatial biases of natural scene segmentation

Ruben Coen-Caglil, Jonathan Vacher?, Dennis Cregin?, Tringa Lecaj’, Sophie Molholm?, Pascal Mamassian3

1Albert Einstein College of Medicine (US), 2Universite Cite Paris (FR), 3ENS Paris (FR)

Segmenting visual stimuli into distinct visual objects is central to visual function, but the computational logic and temporal dynamics of
human perceptual segmentation of natural stimuli remain unclear. To address these questions, we developed a novel paradigm to
measure perceptual segmentation maps of natural images and videos. The dominant view is that perceptual grouping is a time-
consuming process, because it requires recurrent interactions between visual-cortical neurons. This conceptual model predicts that, due
to retinotopy in visual cortex, judging if two regions of an image are grouped takes longer if they are more distant, because signals need
to travel between neurons that are farther apart in visual cortical space. Surprisingly, we find that spatial proximity does not predict the
time-course of segmentation: reaction times increase with distance when two regions are perceived in the same group, but decrease
with distance otherwise. We hypothesize that this may reflect spatial proximity biases, namely a preference to group together items that
are close in visual space, and that perceptual decisions take longer when the visual input is incompatible with the bias. Although proximity
biases are well established in traditional psychophysics, the evidence in natural vision is anecdotal. Here we provide the first
characterization of spatial biases in perceptual grouping of natural images. Next, to test our hypothesis, we develop extensions of the
Drift-Diffusion Model (DDM) of evidence accumulation, to model the effects of spatial biases as a Bayesian prior. Fits to reaction time
data and quantitative model comparison show that the interaction between spatial biases and dynamic evidence accumulation is
necessary to explain our findings, with important implications for neural mechanisms.

Acknowledgements: NIH RO1 EYO30578; NIH RO1 EY031166.

Bedazzled by dazzle camouflage? A new experiment, and critical reappraisal of a 105-year-old data set

Timothy Meese!?, Sam Strong?
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1Aston University (UK)

In WWI, dazzle camouflage involved painting allied shipping with bold geometric patterns to disrupt the perceptions of enemy submarine
captains. Only two publicly accessible quantitative studies have investigated this directly, both involving perceptual judgements of target
ships under various treatments. The first experiment (Blodgett, 1919, MIT Libraries, MA) used mechanical simulation and models,
whereas the second (e.g., Meese, Lovell & Sharman., 2022, Perception, 51(5), 354-) used online computer displays. Blodgett reported
perceptual direction errors (~60 deg) > twice the magnitude of corresponding results in Meese et al. and, unlike them, concluded that
dazzle was highly beneficial. A declassified American naval document (Bittinger & Hulburt, 1936, FR-1302) came to similar qualitative
conclusions as Blodgett. To resolve this conflict, we reappraised Blodgett's work. First, we uncovered three categories of mistakes in his
analysis: arithmetic (differencing and averaging), misidentifications of bow/stern, and distortions of central tendency by averaging
absolute instead of signed errors. With these issues addressed, the misperceptions aligned across studies. Second, we found that
unbeknownst to him, Blodgett's results implied that the major perceptual component owed to hysteresis—a tendency for perceived
direction to parallel the horizon (Meese et al)—with dazzle accounting for only a modest twist effect of ~7 deg, which diminishes the
protective benefit of hysteresis as much as enhancing it. However, unlike Meese et al, Blodgett reported much smaller effects for ships
without dazzle, but for unspecified participants and conditions. To investigate this mystery, we image-processed Blodgett's ship
photographs to grey and in computer-controlled experimentation found similar hysteresis effects for ships with and without dazzle.
Finally, our analysis of Blodgett found no effects for observer, colour/pattern, class of ship, or skyscape. We conclude that experiments
run over 100-years apart are consistent after all, and contrary to American beliefs, wartime dazzle provided only modest protection by
perceptual distortion of heading.

The role of executive functions in organized foraging

Inga Maria Olafsddttir?

1Reykjavik University (IS)

Visual foraging involves searching for multiple targets among multiple distractors, allowing for investigation into how visual attention is
oriented over time, as well as how target search is organized throughout a trial. Few studies have looked into the organizational abilities
of children and healthy adults, but organization has been shown to increase linearly from age two up until adulthood. An interesting
question that remains unanswered is whether organizational abilities are in any way connected to executive functions, which are a
complex network of cognitive processes that underlie our ability to control our thoughts and behavior and are believed to be connected
to attentional orienting. Some researchers seem to equate organization and executive functions, while others claim these are completely
separate functions. In the current study, five age groups, children aged 6, 9, 12, and 15, and adults (combined N = 86), completed feature
and conjunction foraging tasks, as well as a test battery assessing executive functions. Four measures of organizational abilities were
calculated; best-r, number of intersections, mean inter-target distance, and deviation from the optimal path. Various tasks were used to
assess four subdomains of executive functions; inhibition, attentional flexibility, working memory, and planning. No connection was
found between organizational performance in the easier feature foraging task and executive functions. In the more demanding
conjunction foraging task, there was however a connection between three measures of executive functions; inhibition, attentional
flexibility, and working memory, and both target distance and deviation from optimal path, as well as between working memory and
number of intersections. When foraging tasks become complex and attentionally demanding, higher levels of executive functional
abilities seem to facilitate more organized search patterns.

A new psychophysiological method to assess automatic visual processing of task-irrelevant global and local shapes

Ann-Kathrin Beck?, Thomas Lachmann?, Motohiro Kimura?

1University of Kaiserslautern-Landau (DE), 2National Institute of Advanced Industrial Science and Technology (AIST) (JP)

Visual perception involves the processing of both global (whole) and local (detailed) information. While conventional methods focus on
the voluntary visual processing of global or local information when they are task-relevant, the method for investigating the automatic
visual processing of global and local information when they are task-irrelevant is not established. This study proposes a novel
psychophysiological method to investigate automatic visual processing of global and local shapes. We employed compounded figures,
comprising a larger global geometrical shape composed of multiple smaller local geometrical shapes. Participants viewed visual stimulus
sequences; an infrequent nontarget stimulus (deviant) was inserted in a repetitive presentation of frequent nontarget stimulus
(standard). The standard and deviant could be different on either the global or local shapes only. Additionally, a stimulus which is different
from the standard and deviant in luminance (target) was also inserted. Participants were asked to give a response to the target but not
the standard and deviant. Hence, the global or local changes between standard and deviant were task-irrelevant, which allowed us to
separately investigate the effects of task-irrelevant global and local processing. To extract brain activities related to the global and local
changes, we measured electroencephalogram when participants viewed the stimulus sequences and extracted an event-related
potential (ERP) effect which is known to reflect automatic visual global and local change processing: the visual mismatch negativity
(MMN). Our results demonstrated the significant presence of visual MMN for both local and global changes. We also observed a
systematic difference between global and local changes in the visual MMN. Hence, we achieved a successful measurement of brain
activities that are specifically related to automatic visual processing for task-irrelevant global and local changes. This proposed method
provides powerful tool to investigate the mechanisms of the automatic global and local processing.

Symposium 6 - Reproducing reality: What is needed to build displays that pass the "visual Turing
test"?

Building displays that reproduce reality: why it is straightforward in principle but difficult in practice

Simon Watt!
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1Bangor University (UK)

A long-standing challenge in visual displays is to generate imagery that is sufficiently realistic to be indistinguishable from viewing the
real world. In principle, this could be achieved by reproducing the light-field at the eye, described by the 4-D plenoptic function. In
practice, it requires a display that can present the full range of relevant dimensions—spatial resolution, dynamic range, colour gamut,
and depth-related cues—with sufficient fidelity. We address this by combining several existing display approaches, each intended to
address specific shortcomings, into a novel multiple-focal-planes, high-dynamic-range stereoscopic display. A key feature of our approach
is the capability to switch the observer’s view between seeing the display and seeing an equivalent real scene in the same location. This
allows us to directly administer the so-called Visual Turing Test, by asking observers to discriminate real from displayed scenes using a
three-alternative, forced-choice (i.e. oddity) task. Presenting focus cues correctly is particularly challenging, and our work here highlights
several more general issues in understanding the requirements for a display to pass the Visual Turing Test. First, an apparent lack of
contribution of a given visual signal can easily be confused with implementation-specific shortcomings in a particular display, especially
where our understanding of signals remains incomplete. Second, both the capability of displays to present certain visual signals correctly,
and the importance of those signals to perceptual realism, can be dependent on the content of the depicted scene. This makes it difficult
to draw general conclusions about either the contribution of signals or display efficacy. Finally, improving fidelity of one display property
often requires trading-off another. It is important therefore to understand whether hard-to-get-right signals must, individually, be
indiscriminable from their real-world equivalents, or whether (similar to sensory cue-integration) shortcomings can instead be
compensated for by high fidelity in other signals.

Acknowledgements: This work received funding from the European Union’s Horizon 2020 research and innovation programme under the
Marie Sktodowska-Curie grant agreement N°765911 (RealVision) and from EPSRC.

Reproducing accurate colour in high dynamic range

Maliha Ashraf?

1University of Cambridge (UK)

In high dynamic range (HDR) imaging, the question of replicating human colour perception poses a considerable challenge. HDR imaging
seeks to cover a broader range of luminance levels than traditional imaging systems, aiming to mimic the wide and highly adaptive
dynamic range of the human visual system. Advancements in HDR technology have led to displays that can produce brighter and more
vibrant images, extending up to 5,000 cd/m2. This leap forward introduces calibration challenges, particularly because HDR displays
showcase a much wider range of colours than their standard dynamic range (SDR) counterparts. Accurate calibration of HDR monitors is
essential to ensure the expanded colour gamut is reproduced faithfully. However, this process is hampered by the lack of consensus on
industry standards, making it difficult for perceptually accurate colour reproduction. In a recent work, we showed the difficulties involved
with calibrating HDR OLED displays especially when manufacturers used their own non-standard tone-mapping curves and colour space
transformations to reproduce colours within their own display’s capabilities but which are not necessarily accurate radiometrically.
Another challenge associated with colour imaging in the high dynamic range is the lack of colour difference metrics that span a wide
range of luminance levels. We proposed the introduction of rod responses in addition to cone responses in different colour difference
formulae to account for colour perception differences between mesopic and photopic light levels. Ensuring that HDR displays can
accurately reproduce realistic colours, in a way that aligns with human visual processing, requires ongoing research and innovation in
both display technology and vision science.

Acknowledgements: Funding information: EPSRC grants EP/P007503, EP/P007902, EP/P007910, and EP/P007600. European Research
Council (ERC) under the European Union's Horizon 2020 research and innovation programme (grant agreement No. 725253--EyeCode).
Meta Reality Labs.

Immersive reality: effects and uses of VR in perception

Sandra Malpica?

1Universidad de Zaragoza (ES)

Virtual reality (VR) has proven to be an excellent sandbox for studying visual perception. User studies carried out in VR are safe, cost-
efficient, easily reproducible and provide complete control over the visual information that the participants receive, ensuring a high
degree of experimental control that is difficult to achieve in the natural world. Numerous vision science experiments have been
successfully replicated in VR, delineating the domains in which visual behavior is equivalent under the influence of this new immersive
medium. Meanwhile, computer graphics researchers strive to achieve as much realism as possible for VR head mounted displays. The
pursuit of realism within VR raises profound questions about the limits of technology and the nature of human perception. How close
are we to creating virtual experiences that are indistinguishable from reality? And what methodologies can we employ to correctly
measure human perception and visual behavior? Addressing these questions, we will delve into three case studies within the VR field:
(1) how to measure and isolate high-level cognitive aspects of human behavior; (2) the pivotal role of context and cognitive frameworks
in shaping visual perception and (3) why considering additional modalities in our frameworks is necessary when studying visual
perception. By unraveling the perceptual shortcuts employed by theth brain to construct a unified notion of the surrounding environment
and examining its flexibility in adapting to new forms of sensory input, we can identify which aspects of sensory information are crucial
for crafting convincing virtual experiences. This knowledge, in turn, will direct the focus of future research towards addressing the most
significant perceptual challenges faced by VR users. Ultimately, adopting a user-centric approach in VR research will enhance our ability
to pass the Visual Turing Test, creating experiences that are indistinguishable from reality for the user.

Acknowledgements: Partially supported by grant PID2022-141539NB-100, funded by MICIU/AEI/10.13039/501100011033 and by
ERDF/EU.

The value of synthetic image statistics for understanding the structure and perception of natural scenes

Paul Hibbard?
1University of Stirling (UK)
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The Visual Turing test for displays assesses the degree to which they deliver visual experiences that are indistinguishable from reality.
The difficulty of this challenge is influenced by the complexity of the scene that is depicted. For example, an image of a simple texture
on a planar surface, viewed monocularly by a static observer, will be more difficult to discriminate from reality than a complex 3D
structure, viewed binocularly by a freely-moving observer. The dimensions of reality, complexity, and naturalism are all important in
defining the degree to which displayed images recreate our experience of the physical environment. The technologies of 3D scanning
and rendering are of great value for exploring these dimensions. 3D scans allow us to accurately capture the shape of objects at very fine
spatial scales. 3D rendering techniques allow us to generate photorealistic images of scenes combining scanned and artificial objects. A
critical feature of this approach to creating visual stimuli is that it provides accurate, multi-dimensional ground truth. Thus, for every
pixel, we know not only its colour, but also the 3D location of the corresponding point in the virtual environment, the object that it
belongs to, the material properties of that object, and the prevailing lighting conditions. Through a series of examples, we show (1) that
images can be rendered that have the luminance and depth statistics of natural scenes (2) how these can be used to understand our
perception of 3D shape across multiple spatial scales and (3) how ground truth information can be used to understand the origins of
many of the statistical regularities found in natural scenes.

Setting requirements to reproduce reality: A controllable AR/VR headset simulator for active observer psychophysics

Phillip Guan?
1Reality Labs Research, Meta (US)

Realistic, immersive virtual and augmented reality (AR/VR) requires accurate user tracking to enable perspective-correct rendering.
Similarly, a cost- and space-efficient stereoscopic display to present these images to users requires near-eye optics for compact form-
factor head-mounted displays (HMDs). Modern-day HMDs leverage both of these technologies to show users world-locked virtual objects
and environments. Geometric errors introduced by inaccurate head tracking and distortions from HMD optics can lead to perceived
instability in the rendered content, resulting in reduced immersion and, potentially, visually-induced motion sickness. Perceptual artifacts
from inaccurate head tracking and optical distortion are most visible when users move their head and eyes as dynamic errors that vary
with user movement result in apparent motion—a phenomenon underscoring the requirement to study these artifacts with active
observers. Paradoxically, the engineering requirements to eliminate visible artifacts from inaccurate tracking and near-eye optics are
unknown because the vehicles that can support active observer psychophysics to study these problems are incapable of creating a
distortion-free experience. Even if such a system existed, it would be difficult to carefully derive perceptual requirements to pass the
Visual Turing Test as these problem spaces are highly dimensional and difficult to sample efficiently with traditional psychophysics. We
address both of these problemes, first by introducing a reference-grade HMD simulator, free of near-eye optics with highly accurate head
and eye “tracking.” Second, we introduce high-dimensional psychophysics with AEPsych, a modeling framework which facilitates highly-
efficient psychophysics for multidimensional problems. We use these systems to study perceptual requirements for perspective-correct
rendering with moving observers and eye-tracking requirements for gaze-contingent optical distortion correction for near-eye optics.
We conclude with a final study on oculomotor and perceptual adaptation to visual-vestibular conflict, and explore how changes in action
and behavior might be leveraged to characterize image artifacts in lieu of psychophysical measurements.

Symposium 7 - Spanning the space of science: from cones to colour applications. A symposium in
honour of Sophie Wuerger

Space, Time, and Color in Human Vision

Andrew Watson!

LApple (US)

At the dawn of the new Millennium, Sophie Wuerger arrived in California, and there was light. In that light she gently coaxed Albert
Ahumada and myself out of our gray world, and into a new universe of color. Initially blinded by the spectral complexity, we eventually
proposed some simple ideas to describe visual processing of space and color [1]. Those ideas grew, in both Sophie's work and our own,
to include time as well. In this talk | will show how these ideas have over time yielded a general framework for understanding visual
sensitivity to variations in light over space, time, color and eccentricity.

[1] Wuerger, S., Watson, A. B., & Ahumada, A. J., Jr. (2002). Toward a standard observer for spatio-chromatic detection. Proceedings of
the SPIE, 4662(19), 159-172.

Contrast vision at and above threshold

Maliha Ashraf?

1University of Cambridge (UK)

In honouring the remarkable contributions of Sophie Wuerger to the field of vision science, my talk will present her contributions in one
of the research areas she had been passionate about—the human contrast vision. | will summarise the findings from a series of works
focused on understanding contrast vision across different luminance levels, particularly at and above the perceptual threshold. The high-
dynamic range contrast sensitivity dataset collection work that started in 2019, showed key trends in human contrast vision change with
luminance levels for both achromatic and chromatic stimuli. Building on these insights, we proposed several computational models of
human contrast vision which were shown to predict not only our own datasets but various other datasets available in the literature as
well. We also explored spatio-chromatic contrast sensitivity across two different age groups and identified significant interactions
between age, light levels and spatial frequency. The work on suprathreshold contrast matching shows how contrast matching between
two very different light levels does not follow the contrast constancy principle for all three cardinal colour directions and that the
magnitude of contrast required to match appearance is highly dependent on the difference of matching light levels. This phenomenon
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was observed to be consistent across younger and older observers, suggesting a remarkable preservation of contrast perception across
different luminance levels with ageing.

Acknowledgements: Funding information: EPSRC grants EP/P007503, EP/P007902, EP/P007910, and EP/P007600. European Research
Council (ERC) under the European Union's Horizon 2020 research and innovation programme (grant agreement No. 725253--EyeCode).
Meta Reality Labs.

A new spectra database of human skin colour

Kaida Xiao?, Yan LuZ, Michael Pointer?, Sophie Wuerger3

1University of Leeds (UK), 2University of Manchester (UK), 3University of Liverpool (UK)

Skin colour is one of the most commonly observed colours in our daily life. There has been a recent resurgence in interest in skin colour
appearance, driven by new technologies and multi-disciplinary application areas where accurate measurement and understanding of the
factors that influence perception are critical. The inherent complexity of skin — characterised by non-flat, uneven surface and complex
multi-layered composition — presents substantial challenges for consistent colour measurement, resulting in variability across different
instruments and settings. None of the existing skin colour databases can adequately represent the wide diversity of human skin across
ethnicities, genders, ages and body locations. Over the past decade, efforts have been focused on creating a comprehensive skin spectral
database. This project, initially led by University of Liverpool and subsequently by University of Leeds, has involved collaboration with
nine global organizations. Eleven separate data sets of spectrophotometric measurements of skin reflectance were collected from over
15,000 skin patches across the UK, Spain, China, Thailand, Iraq, Japan, Saudi Arabia, Tanzania and Pakistan, all following the same
measurement protocol. Our analysis of this dataset reveals overlaps in skin colour distributions within the CIELAB colour space under
D65 lighting across various ethnic groups. Notably, the spectral reflectance patterns also exhibit a high degree of similarity. For instance,
the skin colours of Caucasian and Chinese individuals not only overlap significantly but also exhibit very similar spectral reflectance
shapes. The findings provide evidence that distinguishing ethnic groups based solely on their skin colour lacks scientific validity.
Additionally, gender and age influence skin lightness; females generally have lighter skin than males, and younger participants displayed
slightly lighter skin than older ones. This new database, which will soon be made publicly available, promises to support a wide range of
research fields and applications.

Colour in motion: global motion filters, grouping-by-colour and attentional selection

Jasna Martinovic?!

1University of Edinburgh (UK)

| began my scientific career as Sophie Wuerger’s research assistant, studying the chromatic sensitivity of global motion mechanisms. We
made several observations that could not be explained by simple summation models: (1) performance in a global motion coherence
detection task was considerably worse when local motion signals had to be combined across two colours as opposed to all being defined
by a single colour, implying an obligatory grouping that preceded and interfered with motion integration; (2) in a two-colour random dot
kinematogram (RDK) segregated into 50% noise and 50% coherent motion signals, cueing to the signal colour generally resulted in
performance benefits, but these differed substantially between hues. The likely culprits in driving these effects — grouping-by-colour and
attentional selection — required a dedicated research programme to disentangle their effects. | returned to Sophie’s lab after my PhD to
continue investigating colour-based attention, but our efforts came against the obstacle that potential drivers of selection efficiency
were manyfold — cone-opponent, colour-opponent and categorical processing could all exert an influence. Years later, we joined forces
with selective attention researchers and captured increases of steady-state visual evoked potentials elicited by individual colours in
flickering RDKs containing two target and two distractor colours, in two different colour contexts. We built a model that showed that
their main determinants of were (1) proximity between the two targets and (2) the particular configuration of colours within which these
targets were presented. This model is highly similar and compatible with the recent proposition of good-enough attentional guidance in
visual search, which posits a flexible and context-dependent allocation of resources. Further experimental testing of predictions derived
from our model has the potential to yield highly useful information on mechanisms of colour-based attention.

Acknowledgements: Wellcome Trust.

Principled approaches towards a better understanding of multisensory perception

Georg Meyer!

lUniversity of Liverpool (UK)

Sophie was foremost a colour vision scientist. | was lucky to work on a number of ‘extracurricular’ projects with her over more than
twenty years. One of them was ‘multisensory perception’. She was very much influenced by her first degree, which, while formally in
psychology, in reality was in mathematics and philosophy, and her PhD at NYU, where she learnt to combine mathematical rigour with
experimental psychology to great effect. Her approach was — like most things she did — principled and non-negotiable: science needs
(mathematical) models to provide predictions, which can be rigorously tested against experimental data. An example is to test which
distance metric (Euclidean vs City Block) best models human colour difference judgements (Wuerger, Maloney and Krauskopf, 1995) -
it’s not Euclidean. This principled approach also guided her work on multisensory perception with me and our many collaborators. | will
use this talk to show how the principled use of theoretical models, many of which derived from colour vision research, can be used to
great effect to test hypotheses about the integration of signals across modalities.

Talk Session 10 - Spatial Vision

The CRIP effect: patterns in central vision interfere with perception of patterns in the periphery

Carolina Maria Oletto?, Giulio Contemoril, Luca Battaglinil, Micheal Herzog?, Marco Bertaminil
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1University of Padua (IT), 2Ecole Polytechnique Fédérale de Lausanne (EPFL) (CH)

We introduce a novel phenomenon, in which elements in the central region impair perception in the periphery (Central Region
Interference with Periphery: CRIP). In a series of four experiments, we showed participants a squared grid containing small lines (vertical
or diagonal) or crosses (X). Between the central and peripheral regions there was a gap (blank space with no grid and no lines).
Participants reported: 1) what they saw in the periphery (Xs, lines or nothing, subjective report) and 2) the orientation of the lines in the
periphery with a 2AFC task (objective report). We varied the size and position of the gap (within experiments), and the orientation of the
lines in the centre (between experiments: Xs, vertical lines, diagonal lines). For subjective reports, observers could see the presence of
elements in the periphery. For the objective report, the central pattern caused interference and hindered identification of the orientation
of the peripheral elements, even though the two surfaces were clearly demarcated by a visible gap. The smaller the gap (central and
peripheral elements were closer) the larger the impairment, independently of the eccentricity of the peripheral elements. The
impairment was only present when the central elements were Xs or diagonal lines, suggesting that orientation plays a role in the CRIP
effect. When the central elements were diagonal, performance was worse when central and peripheral lines had the same orientation.
We conclude that people do not always rely on uniformity when perceiving elements in the periphery, and that iso-orientation may
cause greater interference.

Acknowledgements: Funded in part by PRIN DM104 awarded to Bertamini.

From Curvature to Contour: Hierarchical Representations of Contour Shapes in Terms of Constant Curvature Segments

Nicholas Baker!, Doug Addleman?, Kevin Lande3, Denis Buehler4, Cameron Pham?, Silvia Rufus?

ILoyola University Chicago (US), 2Gonzaga University (US), 3York University (CA), *Ecole Normale Supérieure (FR)

Introduction: We can discriminate a stunning variety of shapes. How does the visual system encode these different shapes? We
investigated the hypothesis that the visual system forms hierarchically structured representations of contour shapes, based on primitives
that represent segments of constant curvature (CC). This hypothesis implies that (i) in representing a contour, encoding of CC segments
is obligatory; (ii) variation in CC segments will induce perceptible differences between contours; and (iii) CC segments can be organized
perceptually into higher-order parts. Experiments: In Experiment 1, we displayed contours made from two curvatures and two colors.
The transition point for color was near to, but offset from, the transition point for curvature. We then presented the contour again,
sometimes shifting the color transition point. When asked whether the coloring was different, participants were much less sensitive to
shifts that aligned the color transition with the task-irrelevant curvature transition than to equivalent shifts that increased misalignment.
In Experiment 2, we compared participants’ ability to discriminate between a contour fragment made of multiple curvatures and one
made of one curvature. Sensitivity was considerably higher when multi-curvature contours were predicted to be represented with
multiple CC segments than with a single CC segment. In Experiment 3, we tested a hypothesis that CC segments with the same curvature
polarity are represented as higher-order “parts” of a contour. Following Palmer (1977), we tested participants’ ability to say whether a
contour fragment was part of a shape. Participants were significantly faster when the fragment was from a polarity-matched contour
region. Performance using polarity-matched fragments was comparable to performance using segments between curvature minima.
Conclusion: These experiments suggest that CC segments are obligatorily encoded in contour representation (Exp.1), that contour
discrimination depends on encoded CC segments (Exp.2), and that CC segments organize together into higher-order units (Exp.3).
Acknowledgements: We gratefully thank the Duke's Sumer Seminars in Neuroscience and Philosophy for supporting this work.

Individuation and Pooling of information over different temporal scales

Yaffa Yeshurun?, llanit Hochmitz!, Amit Yashar!, Ahmad Abu-Akel*

tUniversity of Haifa (IL)

Effective interaction with our environment requires us to focus on individual events as well as maintain an overall perception of our
environment. For instance, individuating a single item presented within a sequence involves segregating its signal from the other items
in the sequence. In contrast, capturing the global aspect of the sequence, such as its average orientation, requires pooling information
across time. Understanding the relations between these two processes—individuation and pooling—and how they unfold over time has
important implications for theories of visual perception, particularly regarding temporal crowding and averaging across time. Typically,
pooling and individuation are studied separately. Here, we used the same stimuli and orientation-estimation procedure to examine both
processes and particularly how they vary across different time scales. In five experiments, participants viewed a sequence of three
oriented items, and either reproduced the orientation of the second item in the sequence (individuation) or reported the average
orientation of all three items (pooling). The inter-item intervals (SOAs) were either of short scale (40-120ms) or long scale (150-475ms).
Mixture-modeling analyses of the error distribution revealed distinct patterns of results for the different tasks and time scales. At the
long temporal scale, the SOA affected encoding precision in both individuation and pooling tasks, albeit in different ways. Distinct SOA
effects for the two tasks also emerged at the short temporal scale. Specifically, while the SOA affected the guessing rate in the
individuation task without affecting precision, it affected precision in the pooling task without affecting the guessing rate. Furthermore,
the short-scale SOAs affected the items’ relative weight in a similar manner with both tasks, but distinct effects emerged with long-scale
SOAs. These findings suggest that temporal individuation and pooling engage different processes, and each of these processes further
reflects different mechanisms when considered over short versus long temporal scales.

Crowding considered as adaptive spatial integration

David Burr?, Guido Marco Cicchini?

LUniversity of Florence (IT), 2CNR, Pisa (IT)

Crowding is the inability to recognize an object in clutter, usually considered a fundamental low-level bottleneck to object recognition.
We advance and test an alternative idea, that crowding, like predictive phenomena such as serial dependence, results from optimizing
strategies that exploit redundancies in natural scenes. This theory leads to several testable predictions: crowding should be greatest for
unreliable (non-salient) targets and reliable flankers; crowding-induced biases should be maximal when target and flankers are not too
dissimilar (in orientation, colour etc); crowding can be associated with higher precision; effects should be maximal when the orientation

166



European Conference on Visual Perception 2024

of the target is near that of the average of the flankers, rather than to that of individual flankers. We measured orientation and colour
discrimination for targets flanked by stimuli of variable orientation or colour. The results of both sets of experiments supported all the
predictions, and were well simulated with ideal-observer models designed to maximize efficiency. We conclude that although crowding
is highly detrimental to object recognition, it may be better understood not as a processing bottleneck, but as a consequence of efficient
exploitation of the spatial redundancies of the natural world.

Revealing Developmental and Cross-Species Asymmetries in Visual Performance

Marisa Carrasco?, Lynne Kiorpes?, Caroline Myers3, Mariel Roberts?*, Ekin Tuncok?

INew York University (US), 2NYU (US), 3Johns Hopkins University (US), “Barnard College (US)

Visual performance varies drastically not only across eccentricity but also around the polar angle. In human adults, it is better at the
horizontal than the vertical meridian (Horizontal-Vertical Anisotropy, HVA) and at the lower than the upper vertical meridian (Vertical
Meridian Asymmetry, VMA) in a variety of tasks (e.g., contrast sensitivity, spatial resolution, acuity). These asymmetries are pronounced,
ubiquitous and resilient, and they are not ameliorated by covert spatial attention, pre-saccadic attention, or temporal attention. Here
we investigated how these two asymmetries vary with age and whether they vary between human and non-human primates. We tested
children, adolescents, and human adults in an orientation discrimination task, in which performance is contingent on contrast sensitivity.
A target (Gabor) appeared at one of four locations: left- or right- horizontal meridian, upper- or lower- vertical meridian. We verified that
participants maintained fixation throughout the trial. The typical Horizontal-Vertical Anisotropy emerged for all observers. The Vertical
Meridian Asymmetry was absent in children, emerged in late adolescence, and was present in adults. We also tested human and non-
human adult primates in a motion direction discrimination task. Stimulus presentation was contingent upon eye fixation, and we verified
all participants maintained fixation throughout the trial. For both groups, there was a slight Horizontal-Vertical Anisotropy and a
pronounced Vertical Meridian Asymmetry, but in the opposite direction: Human performance was better along the lower- than the
upper-vertical meridian (like in other tasks) but macaques’ performance was better along the upper- than the lower- vertical meridian.
We discuss how several factors corresponding to different polar angle locations —such as the distribution of cones and midget retinal
ganglion cells, the size of the cortical surface (V1), statistics of the environment, peri-personal space, and tool use—along with bipedal
vs quadrupedal locomotion, may help explain these novel developmental and cross-species findings.

Expectations modulate the allocation of attention to familiar but not unfamiliar objects

Rama Chakravarthil, Josephine Reuther?

1University of Aberdeen (UK), 2Department of Experimental Psychology, University of Gottingen (DE)

Irrelevant objects often interfere with target processing. Previous studies have shown that interference is reduced when the distractors
are expected, compared to when they are unexpected. This effect of flanker expectation has been attributed to a narrowing of the
attentional focus prior to stimulus presentation. Here we tested the robustness of this attentional modulation across eight experiments.
In the first four experiments, participants were asked to identify pairs of numeric targets that were presented either with or without
flanking letters. The probability, and thus participants’ expectations, of flanker presence was systematically manipulated. Across these
experiments, we varied stimulus duration, target-distractor separation, target position, the number of distractors, and whether
distractors were familiar or not. In all cases, we found a robust effect of expectation, wherein identification accuracy was higher when
flankers were expected than when they were unexpected. In experiment 5, however, we tested unfamiliar letter-like targets and did not
observe this effect of expectation. Experiments 6 and 7 further confirmed this lack of an effect for other unfamiliar targets while we
manipulated expectations of flanker presence using different cueing paradigms. Finally, in experiment 8, we directly manipulated target
familiarity within the paradigm used in experiments 1-4 and found an effect of expectation only for familiar targets. Taken together,
expectations of flanker presence modulate the allocation of attention under a wide range of conditions, but not when targets are
unfamiliar or when they require coarse discrimination rather than recognition. We argue that objects that cannot be recognised
effortlessly draw on more attentional resources than familiar objects, and hence require attention to be allocated to the targets
irrespective of context, leaving little room for modulating its spatial allocation.

Talk Session 11 - Virtual Reality

Memory limits on active visual search for coloured targets in virtual outdoor environments

Yan Lu?, David H Foster?, Boris Otkhmezuri, Paul Warrent

1University of Manchester (UK)

Natural outdoor environments contain complex distributions of surface colours, which can provide a challenge to using colour to guide
exploration. How colour perception and memory limit active visual search in these environments is not well understood, not least
because of the constraints of traditional laboratory experimentation. The aim here was to measure how memory affects active visual
search by colour in two exemplary outdoor environments, both presented in immersive virtual reality. Participants wore a head-mounted
display (Meta Quest 3, Reality Labs, 2023) while exploring simulations (Unity Game Engine v.2022.3.4f1, Unity Technologies) of a dense
forest and a colourful city scene, modelled on real-world hyperspectral images. In each trial, participants viewed a coloured swatch, an
enlargement of a randomly selected target point in the scene, and had to identify that target using a virtual laser pointer with precise
position control. In the non-memory condition, eleven participants could refer back to the swatch while searching; in the memory
condition, another ten participants viewed the swatch continuously for 4 seconds before searching without it. Each participant
completed 100 trials with each scene. Participants were aged 18-53 years, with normal or corrected-to-normal visual acuity and normal
colour vision. Performance was quantified by spatial distance errors and colour difference errors in an approximately uniform colour
space. Memory had little effect on distance errors but a significantly larger impact on colour errors, and this was particularly evident in
the forest scene with its smaller colour gamut. Although lightness errors dominated overall colour discrepancies, increases in saturation
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errors occurred with low saturation targets in the memory condition. In summary, memory search may impair surface colour matching
outdoors with effects varying with target and scene properties, especially colour gamut size. Understanding why requires experimental
environments with a range of surface colour distributions.

Where is the door? Can people keep track of one environment while immersed in another?

Meaghan McManus?, Franziska Seifert!, Immo Schiitz!, Katja Fiehler®

Lustus Liebig University Giessen (DE)

It is not uncommon when leaving virtual reality to find that we are facing a different direction than expected. In a series of 4 experiments,
we investigated if people can keep track of an unseen environment while immersed in a different environment. In the first 3 experiments
participants were asked to encode the location of target objects in one environment, either real or virtual, and then enter the second
environment. While in the second environment they had to point to the now unseen target objects in the first environment. The virtual
environment could be aligned or misaligned (pitched up or down) to the real world. In experiment 1 the misalignment was not detectable
to the participants (+2.6°) while in experiments 2 and 3 the misalignment was obvious (+20°). In experiment 3 the instructions were also
changed to prime egocentric (object-relative-to-observer) encoding. In all three experiments the pointing endpoints were based primarily
on the locations of objects in the currently seen environment suggesting a strong reliance on allocentric (object-relative-to-environment)
encoding. This could be due to participants either not updating egocentric information when they or the environment changed or
participants not maintaining a representation of the unseen environment. To test this in a fourth experiment, participants walked to
different locations in different virtual environments while simultaneously keeping track of the unseen real-world location of the door.
When a virtual door was presented in the virtual environment the pointing errors were based on the currently seen environment with
no change over time. When no virtual door, or other objects, were presented in the virtual environment, pointing endpoints were highly
variable within and between participants. Overall, it appears that when in an immersive environment, people quickly forget about their
position in the unseen environment and use the available visuo-spatial information to plan their actions.

Acknowledgements: This project was supported by the Collaborative Research Center SFB/TRR 135, project A4, under grant agreement
no. 222641018, and 'The Adaptive Mind’ funded by the Hessian Ministry for Higher Education, Research, Science and the Arts.

Relative walking speeds of neighboring pedestrians capture visual attention and influence room evacuation behavior

Kristen Macuga?, Alexander Boone?, Bertrand Lemasson3

10regon State University (US), 2Pacific Science & Engineering Group, Inc. (US), 3U.S. Army Engineer Research and Development Center
(Us)

We examined how the relative walking speeds of neighboring pedestrians influence visual attention, exit decisions, and exit times in an
immersive virtual reality (VR) environment and validated this approach using a carefully matched real world condition. The participants’
task was to exit the room along with two other pedestrians (experimentally manipulated avatars in VR and confederates in the real
world) when cued, through one of two doors. For each trial, a variable pedestrian walked towards one door by traveling at one of three
average speeds (1.0m/s, 1.5m/s, or 2.0m/s), and a constant pedestrian walked towards the other door at a speed of 1.5m/s, resulting in
three relative walking speeds (-0.5 m/s, 0 m/s, and +0.5 m/s). Pedestrian exit door was counterbalanced, which resulted in six randomly
presented trials in VR and six matched trials in the real world, and the VR/real world condition order was counterbalanced across
participants. We analyzed fixation durations via pedestrian AOls and found that faster moving pedestrians captured participants’ visual
attention. Similarly, exit choice results revealed that participants were more likely to follow faster pedestrians and less likely to follow
slower pedestrians. The overall walking speeds of neighboring pedestrians also impacted exit times, as participants exited sooner when
neighboring pedestrians walked faster. Effects were analogous for VR and real-world conditions, substantiating the use of VR in the
context of room evacuation decision making. Overall, results suggest that visual motion cues can systematically bias visual attention and
exit choices, and influence exit times in room evacuation scenarios.

Acknowledgements: This work was supported by funding through the Environmental Quality and Installations Basic Research Program of
the U.S. Army’s Engineering Research and Development Center (project #17-111).

Avatars with faces of real people: State of the art in experimental psychology

Markus Bindemann?, Kyara Nasser Oesterreich?, Rachael Taylorl, Mike Burton?

lUniversity of Kent (UK), 2University of York (UK)

Virtual reality (VR) paradigms are applied increasingly in experimental psychology to study human behaviour and cognition. These
applications make use of avatars as human agents, with which participants must interact. However, the extent to which avatars visually
represent real people is still captured poorly in VR experiments. We illustrate a method for creating avatars with the faces of real people
for behavioural experiments and demonstrate their psychological characteristics. In a series of experiments, we examine the recognition
of avatars of familiar people, the identity matching of unfamiliar avatars, and compare the similarity-space occupied by avatars and real
photographs of the same faces. We then examine the photo-realism of avatars by determining the extent to which these can be confused
with images of real faces. These studies demonstrate the current state of the art of avatars for psychology experiments.

Best practices of mobile eye tracking in outside urban environments

Debora Nolte?, Jasmin L. Walter?, Paula Vondrlik!, Lane von Bassewitz?, Louisa Maubach?, Milad Rouygaril, Jonas Scherer?, Martin M.
Miiller?, Peter Konigl3

LUniversitat Osnabriick (DE), 2University Bielefeld (DE), 3University Medical Center Hamburg-Eppendorf (DE)

Vision is one of the most important senses for spatial navigation. However, using eye-tracking to investigate spatial navigation in real-
world environments results in many challenges. Upon receiving the Tom Troscianko Memorial Award in 2023, we took the opportunity
to transfer a virtual reality (VR) study to the real world in Cyprus as a single-subject case study to develop best practices for mobile eye-
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tracking in outside environments. The mobile eye-tracking study in the city of Limassol was conducted as close as possible to the original
design in VR. First, the subject explored the city for 130 minutes, followed by pointing-to-building and pointing-to-north tasks. Eye-
tracking, head-tracking, GPS data, and a continuous video of the subject were recorded. Additionally, validation and synchronization
procedures were performed every 10 minutes. During the data analysis, we critically examine the accuracy of the devices and the
effectiveness of the validation and synchronization procedures. The conditions during the data recording and the analysis results serve
as the basis for the developed list of best practices. The best practices for mobile eye-tracking in real-world environments include:

- Experiment design adaptations (e.g., time management, weather considerations, selection criteria of the experimental area and task
buildings) - Data quality and validation procedures (e.g., eye-tracking accuracy, head-tracking alignment to cardinal directions, recording
durations, backup recording systems) - Synchronization of different data streams (eye-tracking, head-tracking, GPS, video) - Pointing
tasks and cardinal directions - Transport of the subject - Interactions with people during the recording. Overall, the case study showcases
the feasibility of mobile eye-tracking in real world outside environments while highlighting the best practices to ensure a successful
transfer of the experiment design from the lab to the real world while maintaining data quality.

Comparing gaze behavior during free spatial exploration in virtual reality and the real world

Jasmin L. Walter?, Debora Noltel, Paula Vondrlik!, Lane von Bassewitz!, Louisa Maubach?, Milad Rouygaril, Jonas Scherer?, Martin M.
Miiller?, Peter Konig?

1University of Osnabriick (DE), 2University Bielefeld (DE)

Eye tracking in real-world environments comes with many challenges. Therefore, visual behavior during spatial navigation is often
investigated in virtual reality instead. Receiving the Tom Troscianko Memorial Award 2023 allowed us to challenge this approach and
transfer a virtual reality study to the real world city Limassol in Cyprus. Matching the original experiment design in virtual reality, the
participant first explored the city for 130 minutes with a walking speed of 4.5 to 6 km/h, followed by pointing-to-building and pointing-
to-north tasks. Throughout the experiment, eye-tracking, head-tracking, and GPS data were recorded. To label the eye-tracking data, we
apply an automatic object recognition pipeline to the world camera images using the 'SAM' (segment-anything) and Segformer
(cityscapes) computer vision models. Ambiguous labels are solved through a four-stage decision-making process. The performance of
this pipeline was compared to that of manually labeled data, resulting in a weighted mean accuracy of 91.3%. When comparing eye
movements and gaze distribution over object categories, we find many similarities between the real world and virtual reality, however,
more gazes are located on buildings in the real world. As a last step, we apply a graph-theoretical analysis to the eye-tracking data in
close analogy to our previous work. First, we identify the viewed buildings and create a gaze-graph. Then, the gaze-graph is analyzed
with graph-theoretical measures and ultimately combined with the results of the pointing tasks (mean pointing-to-north error: ~11°,
mean pointing-to-building error: ~29°). Finally, we compare the graph-theoretical findings in the real world with our findings in virtual
reality, further investigating the similarities and differences in viewing behavior. Overall, our work highlights the feasibility of mobile eye-
tracking research in outdoor environments while also providing a new perspective on similarities and differences in visual behavior during
spatial exploration in virtual reality and the real world.

Poster Session 6
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Visual Memory of Body Postures is Biased by Distinct Sources of Knowledge

Qiu Han?, Marco Gandolfo!, Marius Peelen?

1Donders Institute for Brain, Cognition, and Behaviour (NL)

We human beings have built rich knowledge of socially relevant objects like bodies. Prior knowledge can lead to biases towards the more
likely interpretation in perception and memory. In a previous study, we revealed how visual memory of body postures is biased by two
types of body-related knowledge: 1) Lifted limbs were remembered as lower, reflecting an embedded understanding of gravity; 2)
Extreme postures, such as bending the arm far behind the back, were remembered as the more plausible postures, reflecting the
knowledge of biomechanical constraints. In a new series of experiments using full-range postures combined with a motion capture
dataset, we demonstrate that the biomechanical constraint bias happens for postures that are impossible in real life. By contrast, no
such bias was found for a mechanical control object with a body-like structure. These results suggest an interplay between domain-
general and domain-specific knowledge, raising the question of whether these two sources of knowledge rely on the same mechanism.
To answer this question, we manipulated sensory uncertainty by varying the memory delay or stimulus blur level. Results showed that
while the gravity bias appeared quickly (within 250 ms) at the lowest blur level and remained stable, the biomechanical constraint bias
took time to emerge and increased over time. This dissociation indicates that general knowledge is activated quickly and automatically
while specific knowledge requires controlled processing. Taken together, these studies illustrate how our visual memory of body postures
is shaped by distinct mechanisms based on multiple sources of knowledge.

Acknowledgements: This project has received funding from the China Scholarship Council (CSC), European Union’s Horizon 2020 research
and innovation programme under the Marie Sktodowska-Curie (grant agreement No. 101033489), and European Research Council (ERC)
under the European Union's Horizon 2020 research and innovation programme (grant agreement No 725970).
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Investigation of the effect of subjective visual awareness on audio-visual interactions under continuous flash suppression

Sanni Ahonen?, Thomas Otto2, Ramakrishna Chakravarthi!, Arash Sahraie?!
1University of Aberdeen (UK), 2University of St Andrews (UK)
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Concurrent audio-visual stimulation is typically processed more efficiently than its unimodal stimulus components, resulting in improved
target detection and faster reaction times. However, these behavioural benefits in multisensory interactions can be diminished when
visual information is weak and does not enter subjective awareness. This raises the possibility that audio-visual processes may differ
between conditions under which visual information is either seen or not. This study investigated the neural correlates of audio-visual
processing under continuous flash suppression (CFS), a visual masking paradigm used to achieve conditions under which participants
were only sometimes aware of the visual targets presented. Participants’ EEG, manual reaction time, detection accuracy, and subjective
awareness of visual targets were recorded as they responded to visual, auditory, and audio-visual stimuli. Analysis of event-related
potentials (ERP) revealed no evidence for multisensory integration in early sensory cortices for audio-visual targets. Instead, the audio-
visual ERP was characterised by a combination of independent activation in each sensory modality. Provisional analysis of EEG signals
when participants were unaware of the visual stimulus suggest that ERPs elicited by auditory only stimuli, and auditory stimuli paired
with an unseen visual target did not differ significantly, mirroring the behavioural data obtained under the two conditions. Further, signal
detection analysis of behavioural responses in aware conditions showed that participants’ response criterion was lower when the visual
target was paired with an auditory target, suggesting they were more likely to report visual awareness when an auditory target was
present. Similarly, while reaction times were faster in multisensory trials when awareness of visual target was reported, this difference
did not exceed what could be expected from probability summation. Combined evidence from EEG and behavioural measures supports
the race model as a plausible explanation for the speed-up of reaction times in audio-visual trials when the visual target is masked under
CFS.

Acknowledgements: This work was supported by the Biotechnology and Biological Sciences Research Council (BBSRC) [grant number
BB/M010996/1].
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Similar area of direct looking and direct pointing

Linda Linke!, Gernot Horstmann?

1Bielefeld University (DE)

Gazing and pointing can have overlapping functions in social interaction. The perception of both social cues is remarkable precise.
Nevertheless, the perception of direct gaze is characterized by an area of direct gaze rather than one single gaze direction. In fact,
observers accept a range of gaze directions as direct. Here we investigate if there is an analogous area of direct pointing. Three
experiments examine an area of direct pointing (about 5 — 9°) and compare it to the area of direct gaze. We find this area to be similar,
but not equal, in shape and size. Furthermore, we examine the influence of different pointing gestures on the area of direct pointing.
Results indicate a shift of the area of direct pointing dependent on the shown hand and forearm (left or right). The results are discussed
with respect to common underlying mechanisms of the perception of direct gaze and direct pointing.

399
Signal detection under spatial uncertainty

Alasdair Clarke?!, Micha Elsner2, Amelia Hunt3

1University of Essex (UK), 2The Ohio State University (US), 3University of Aberdeen (UK)

Signal detection theory is often used to model psychophysical tasks in which an observer is tasked with discriminating a target from a
distracter. It relies on the assumption that both the target and distracter lead to distributions of internal states, and the separation
between these distributions determines sensitivity. This separation will vary systematically with where the signal falls on the retina,
making it necessary to hold constant the signal location when measuring sensitivity under SDT. However, in many circumstances the
observer does not already know where exactly the signal will be. Under conditions where the location of the signal is not known in
advance, SDT is likely to overestimate the actual rate of detection because spatial attention can be assumed to be directed to the signal’s
expected location; the enhancement of perceptual sensitivity associated with spatial attention is well established. We present a method
for estimating sensitivity for multiple locations simultaneously, representing the range of possible stimulus locations and assuming an
increase in internal noise with eccentricity. This measure can provide more accurate parameter estimates for sensitivity and decision
bias in circumstances such as visual search where the location of the target is not known in advance. We simulate an experiment in which
an observer is repeatedly asked to detect a spatially-uncertain target. If they detect the target they are asked to respond with a mouse
click on its location, otherwise, they respond Target Absent. We present analytic and machine learning methods for recovering the
underlying “visibility map” from these data, and discuss some limitations and assumptions required to psychophysically collect the data
required from human observers.

400
Looking with or without seeing in an individual with macular degeneration impairing central vision

Li Zhaoping?2

IMax-planck-institute for Biological Cybernetics (DE), 2University of Tuebingen (DE)

Macular degeneration (MD) impairs central vision. An 86-year-old woman with age-related MD no longer reads, but can manage most
sorts of housework. She was asked to find a uniquely oriented bar among many identically shaped bars in each of many images, each
could be of type A-simple, B-simple, A, or B. In A-simple images, all bars are oriented 45 degrees clockwise or anti-clockwise from vertical;
the target is uniquely oriented. Modifying A-simple images gives A images, when to each original bar is added an intersecting horizontal
or vertical bar to make an 'X'. All the 'X's are identical to, although rotated from, each other, confusing normal observers and prolonging
their response times (RTs) to report the target (Zhaoping and Guyader 2007). In this confusion, gaze position during search often reaches,
but then abandons, the target to continue searching elsewhere. Modifying A images gives B images, when the target bar's orientation
tilts just 20 degrees from the intersecting horizontal/vertical bar, making the resulting 'X' distinctly thinner, eliminating the confusion.
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Removing all the horizontal/vertical bars from B images gives B-simple images. Unlike age-matched control observers, the MD observer
performed similarly for A and B images. Her accuracy (probability of reporting by touching at/near the target within 60 seconds) for A
and B was ~30%, much higher than chance (4%), but much lower than her 100% accuracy for A-simple and B-simple. She complained
that the search items were too small. When the search items were enlarged (but were then fewer in number), the complaints
disappeared and her accuracy for B improved; however, for A her RT more than doubled and her accuracy dropped. Her behavior
supports the Central-Peripheral Dichotomy theory (Zhaoping 2019) that peripheral and central vision are mainly for looking and seeing,
respectively. Looking shifts gaze and attention, whereas seeing recognizes objects.

Acknowledgements: Funded by the Max Planck Society and the University of Tiibingen.
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Sense of agency at a gaze-contingent display with jittery temporal delay

Junhui Kim?, Takako Yoshida?!

ITokyo Institute of Technology (JP)

In network-based human-computer interaction, inconsistent temporal delays between an action and its feedback can significantly affect
users' perceived authorship; however, this research area remains underexplored. This study investigates the effects of such delays on
the sense of agency (SoA) in eye-gaze-controlled interactions. Participants engaged in a visual search for Chinese characters on a display
with dynamically adjusted resolution based on gaze direction: a high-resolution image placed at the gaze point and a low-resolution
image in the periphery. We introduced jitter delays in display updates following eye movements, based on a truncated normal
distribution ranging from pto p + 2 o, with means () varying from 0 to 400 ms and a constant standard deviation (o) of 50 ms. A condition
featuring playback of recorded eye movements assessed the perception of authorship by external agents. Findings show a decrease in
reported authorship and controllability scores as p increased, aligning with prior research on consistent delays. A significant reduction in
perceived authorship occurred at a p of 94 ms. While delays did not affect the number of fixations required for searches, they reduced
search time efficiency and prolonged latency to fixation durations. An increased number of smaller saccades (< 1 deg) with increasing u
suggests a covert shift in attention to the spatial gap between eye movement and visual feedback induced by temporal delay. In sum,
observed changes in eye movements highlight the delay’s influence on attention distribution and visual search. Comparing jittery and
consistent delays, our findings indicate that the minimum value (u) within the delay distribution significantly impacts SoA and visual
search efficiency. We posit that sporadic extended delays weaken SoA. Hence, future studies should broaden their scope to include a
more extensive spectrum of delays and manipulate their frequencies to better understand their effects.

Acknowledgements: Takako Yoshida was supported by a ROBOT Industrial Basic Technology Collaborative Innovation Partnership grant
from the New Energy and Industrial Technology Development Organization of Japan (Grant number JPNP20016). Junhui Kim was
supported by the Japan Science and Technology Agency’s Support for Pioneering Initiated by the Next Generation (SPRING) Program
(Grant Number JPMJSP2106).
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The effects of serial dependence on the variability of perceptual estimates: A meta-analysis

Avberk Ozkirlit, Andrey Chetverikov?, David Pascucci®
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Recent research on serial dependence has revealed systematic biases in perceptual decisions towards prior stimuli. Theoretical and
computational frameworks suggest that serial dependence arises from the optimal integration of stimulus history. Besides predicting the
bias pattern, these frameworks bring forward a crucial, but untested, hypothesis: when current and prior stimuli resemble each other,
serial dependence enhances perceptual decision-making by decreasing response variability. To test this hypothesis, we conducted a
meta-analysis of 20 datasets. Contrary to the predictions of models using optimal integration, our results do not support performance
improvements in serial dependence. Instead, we found that previous stimuli can deteriorate perceptual performance. These findings
challenge existing models and call for a reassessment of serial dependence, suggesting new avenues for investigation.
Acknowledgements: This research was supported by funding from the Swiss National Science Foundation (grant no. PZOOP1_179988 and
PZOOP1_179988/2 to DP). The funders had no role in study design, data collection, and analysis. The authors would like to thank the
research groups of the original studies for sharing their datasets, and Joao Barbosa, Heike Stein, and the group of Prof. Michael Herzog
for constructive comments and helpful discussion.
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The Role of Neural Oscillations and Aperiodic EEG Signals in Contrast Detection

Henry Beale?l, Jason Mattingley!, Anthony Harris!
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Perception of a constant weak visual stimulus will vary from trial to trial, demonstrating that visual perception depends not only on the
sensory input but also on the current state of the brain. Electrophysiological work has attempted to explain this trial-by-trial behavioural
variation by linking perception with spontaneous brain states, such as neural oscillations within early sensory cortices at the time of
visual stimulation. Several early studies demonstrated that people are more likely to report the presence of a faint visual stimulus at
certain moments, or phases, within oscillations in the 8-14 Hz ‘alpha’ frequency band. Such studies used a simple detection paradigm,
which cannot rule out that neural oscillations might reflect changes to an observers’ perceptual or decision threshold rather than their
perceptual sensitivity to the stimulus. To address this, we tested eight participants over multiple sessions of an objective two-alternative
location discrimination task that was not reliant on subjective reports of stimulus presence. We used a signal detection theory approach
to model the influence of EEG alpha oscillation phase on the psychometric function relating stimulus contrast to performance. Our results
show that alpha-band phase does not influence perceptual sensitivity, in line with a growing number of null reports. Alternatively, we
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found that detection was predicted by changes in the non-oscillatory 1/f spectral component of occipital EEG prior to stimulus onset.
This suggests that perception of near-threshold stimuli is influenced by spontaneous changes in broadband neural activity, which relate
to the balance of excitation and inhibition within neural networks. Our data are consistent with an account that neural oscillation phase
could predominately reflect the setting of perceptual criterions, as has previously been shown for alpha power. In contrast, sensitivity
may be more strongly influenced by broadband spectral fluctuations.

404
Navigational Affordance is related to Occipital Place Area and MEG signals between 100 and 200ms

Rebecca Lowndes!?, Richard Aveyard?, Catriona Scrivener?, Elisa Zamboni3, Antony Morland?, Edward Silson?

1University of York (UK), 2University of Edinburgh (UK), 3University of Nottingham (UK)

The elements in a scene give visual cues as to the actions permitted in the environment, which obstacles to avoid and which paths to
take, known as navigational affordances. We aimed to establish the contribution of the Occipital Place Area (OPA) to this essential human
behaviour and also determine the time course of processing navigational affordance. To that end, we used an event-related design to
present 50 images of scenes to 14 participants in both functional Magnetic Resonance Imaging (MRI) and magnetoencephalography
(MEG). OPA was defined using a localiser - scenes vs faces - and the navigational affordance of each scene was determined by path
drawings of a separate participant group. First, functional MRI data were extracted from OPA, then a mean representational dissimilarity
matrix (RDM) was calculated for the 50 scene stimuli. Similarly, RDMs were calculated at each timepoint of the MEG responses. OPA
functional MRI and MEG RDMs were then correlated with behaviorally defined navigational affordance RDMs. The distribution of
correlations between OPA and navigational affordance RDMs was significantly greater than zero, consistent with previous work and
suggesting some processing of navigation affordance in OPA. In MEG, the correlation between navigational affordance and MEG RDMs
differed significantly from zero, with an early peak at around 100ms and later between 225ms and after stimulus offset. We then
performed fMRI-MEG fusion and again found an initial peak between 100 and 200ms. The MEG correlations with navigational affordance
and MRI, which occur around 200ms, are consistent with the interpretation that MEG can track extrastriate processing of navigational
affordance, which may be taking place in OPA. Future work will evaluate the correlations between MEG and other visual areas of the
brain to establish the specificity of navigational affordance processing that is captured by fMRI-MEG fusion analysis.
Acknowledgements: BBSRC.
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Measuring the speed of action recognition
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Many high-level stimuli are processed very quickly by the human visual system. While we have some knowledge regarding the time-
course of visual processing of objects and faces, much less is known about the time-course of action processing. This question is important
because an “action recognition” system would hypothetically need to process and integrate information from various domain-specific
systems, including those involved in object, person, and scene recognition, and as such might be expected to take substantially longer
than recognition of any one of those scene elements on its own. Our participants (N=96) completed a same-different task on pairs of
action images that were presented briefly followed by a mask. In "same" trials, the two images could be: the identical image shown
twice; an action image followed by its mirror-reversal; or two instances of the same basic action (e.g. biking). In "different" trials, the two
images could be from two different actions within the same superordinate (e.g. transport: biking and running), or from two different
superordinates (e.g. biking and cooking). By varying the image presentation time, we aim to uncover how long it takes for actions to be
encoded at the highest perceptual level. These findings might place constraints on our understanding of how multiple scene cues are
integrated in order to classify actions by their category and, more broadly, how visual action recognition is structured in the mind.
Acknowledgements: This work was funded by the ESRC.

406
Examination of the effect of aspect ratios on the letter-row tilt illusion in non-staircase stimuli
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The letter-row tilt illusion is an illusion that the row is perceived to be tilted, when a set of letters is repeated in a physically horizontal
or vertical row. We quantitatively examined the effect of aspect ratios of letters on the letter-row tilt illusion that did not correspond to
the staircase hypothesis of horizontal line segments. The method of adjust was used. There were 5 aspect ratios of letters: 1.0:1.0,
1.5:1.0, 1.5:1.5, 2.0:1.0, and 2.0:2.0 H:V ratios. The results showed that the aspect ratios significantly affected the amount of the illusion
that did not correspond to the staircase hypothesis of horizontal line segments. The results showed that the amounts of illusion in letter-
rows that did not correspond to the staircase hypothesis had different tendency in the aspect ratios from those corresponded to the
staircase hypothesis shown in Araragi and Ito (2023). The present study suggested that the mechanism underlying the letter-row tilt
illusion differed in letter-rows that corresponded and did not correspond to the staircase hypothesis.
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Effects of object-based predictions and prediction robustness on subjective visual perception

Clara Carrez-Corrall, Pauline Rossel?, Louise Kauffmann?, Carole Peyrin!
ILPNC - Université Grenoble Alpes (FR)
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Throughout our daily experiences, we learn regularities about contextual associations between objects and scenes which are used to
form predictions about the likely features of the environment and facilitate perception of noisy visual input. Our recent studies showed
that blurred objects that can be predicted based on contextual information appear subjectively sharper than the same objects that
cannot. However, current predictive processing theories suggest that these effects may depend on the robustness of predictions.
Additionally, there is neuroimaging evidence suggesting that object-based predictions can reciprocally influence the processing of scene
context. Our study aimed to address these two hypotheses at the perceptual level using a blur matching task in two Experiments. In
Experiment 1, participants (n = 65) saw two images depicting two versions of the same scene containing a blurred object and had to
adjust the blur level of the right object to match the blur level of the left one. We manipulated the robustness of context-based
predictions about the object in scene pairs by varying the phase coherence of their contextual information (allowing to form weak to
very robust predictions). Blur-matching errors suggested that robustly-predicted objects were subjectively perceived as sharper than
objectively similar objects benefiting from weaker predictions and this effect increased with the relative robustness of predictions. In
Experiment 2, participants (n = 30) had to adjust the blur level of the right context to match the left one. This time, we manipulated
object information allowing to form prediction about the context: one scene contained an intact object (predictable context), while the
other had a phase-scrambled object (unpredictable context). Results showed that at objectively equal blur levels participants perceived
predictable contexts as sharper than unpredictable ones, indicating that object-based predictions sharpen the perception of noisy
contextual information. These findings further precise how predictions shape subjective perception.

Acknowledgements: This work was supported by the ANR (National Research Agency) in the framework of 'France Relance' (ANR-22-
CE28-0021-01).
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The impact of sensory cues on multiple object tracking performance: behavioural and neural correlates
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Behavioural studies have demonstrated that additional sensory cues presented on target objects can elicit an enhanced tracking
performance in a multiple object tracking paradigm compared to when no cues are presented. The aim of this study was to investigate
the neural mechanisms of target enhancement driven by sensory cues, examining the early stages of sensory processing in the time
frame of 100 ms after stimulus onset (N1) as well as subsequent post-perceptual processing stages = 200 (P2). Twenty- one participants
aged 18- 54 years tracked five target objects amongst five indistinguishable distractor objects. During tracking, target objects collided
occasionally with the inner boundary of a central circle and elicited additional uni- sensory (auditory, visual), multi-sensory (audio-visual),
or no rebound cues. Using a mark-all procedure, participants indicated the objects that they believed to be the original targets.
Behaviourally, it was found that participants tracked a higher amount of target objects when the visual and auditory cues were present
compared to absent. During the early time range of the N1, a stronger negative neural signal recorded at posterior clusters in response
to the audio-visual cues was associated with improved tracking performance when audio-visual rebound cues were presented. In the
later processing time windows, such as the P2, a more pronounced positivity to ERPs recorded to the audio-visual and the visual condition
was observed compared to the baseline (no-cue condition). Implications of these findings suggest that sensory cues enhance target
detection and that audio-visual sensory cues impact tracking functions at an early neural processing time window (time range of the N1),
indicating a possible interaction between top-down and bottom-up processing mechanisms during multiple object tracking.
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Electrocardiogram (ECG) interpretation improves following priming with normal ECGs: An eye-tracking study among medical students

Jennifer Edwards?, W Joseph Maclnnes?, Alistair Gallagher?!

ISwansea University (UK)

Inaccurate interpretation of electrocardiograms (ECGs) is a life-threatening issue, with estimates of abnormal ECGs misinterpreted by
medical residents at 58%. ECGs display the electrical activity, and therefore health of function, of different areas of the heart through a
series of line tracings. Interpretation, taught as early as the first year of medical school, requires visual search for abnormal patterns.
Eye-tracking is therefore well placed to elucidate successful interpretation strategies. We carried out an eye-tracking study among
medical students (n=34) investigating the impact of priming with normal ECGs on accuracy. Our hypothesis was that interpreters who
knowingly viewed normal ECGs prior to interpreting ECGs with an unknown diagnosis would be more accurate. Each student was tasked
with reading a range of ECGs after undergoing one of three different priming conditions. The first group (control) viewed normal chest
radiographs. The second viewed normal ECGs, but without knowing that they were normal. The third group viewed the same set of
normal ECGs, but were told they were normal. Students in the key priming group were faster and more accurate at diagnosing ECGs
compared to other groups. Furthermore, we have shown that slower responses helps to predict inaccurate interpretation. We also
provide a descriptive analyses of fixation patterns on critical areas of ECGs which will help us better understand successful visual search
strategies. We hope to uncover actionable insights into successful ECG interpretation strategies to improve teaching of ECGs to
healthcare professionals.
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A Fast Parafoveal Preview Effect for Face Gestalt but not Identity

Michele Deodato?, Tran Nguyen?, David Melcher!

INew York University Abu Dhabi (AE)

Prior to fixating objects, we typically select the saccade target using extra-foveal information. While it is clear that this extra-foveal
preview influences processing of the saccadic target, the mechanisms underlying trans-saccadic perception remain a matter of debate.
Here, we build on previous studies showing strong parafoveal preview effects for faces to investigate the temporal dynamics and features
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of trans-saccadic face perception. Participants performed a gaze-contingent task in which an extrafoveal face stimulus (the preview) was
replaced with a tilted face (the target) during a saccade directed to it. The task was to saccade toward the face and judge tilt direction as
quick as possible. Previewed faces could be identical to the target (valid preview) or different (invalid preview). We ran two separate
experiments with invalid previews consisting of either inverted faces or faces with a different identity. Additionally, on some trials we
presented foveal or peripheral noise patches to test the potential influence on perisaccadic processing (based on theories of foveal
recruitment to process extrafoveal stimuli and support trans-saccadic perception). The preview effect was quantified as the reaction
time difference between valid and invalid previews. We computed a repeated measures ANOVA with preview (valid/invalid) and noise
(no-noise, foveal, peripheral) as independent variables. We found a significant preview effect for face inversion but not for face identity,
suggesting that parafoveal processing operates on the overall face gestalt. Noise had no significant main effect or interaction with
preview validity, showing a lack of foveal recruitment in this task. We found a strong preview effect even though participants were asked
to move their eyes toward the saccade target as soon as it appeared. Thus, our findings suggest that saccadic programming and
processing of the extrafoveal saccade target, rather than prolonged preview or foveal recruitment, is sufficient for parafoveal preview
effects in trans-saccadic perception.
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Blinks have been proposed to correlate with changes in visual awareness. Recently, we demonstrated that voluntary blinks facilitated
perceptual alternation during multistable perception, whereas spontaneous blinks did not (Sato & Kimura, ECVP 2023). The aim of this
study was to investigate the reverse effects of perceptual alternation on spontaneous blinking. We used breaking continuous flash
suppression as an experimental paradigm. The suppressor consisted of a color Mondrian pattern refreshed at 10 Hz, while the target
was a Gabor patch (1.06 cpd, o = 1°). The target luminance contrast was ramped up to its maximum (0.8) over 3.0 seconds. We analyzed
the frequency of spontaneous blinks as a function of time after perceptual alternation. We compared this observed blink frequency with
the random blink frequency (RBF), which was generated assuming that blinks occurred independently of perceptual alternation. The
results revealed that spontaneous blinks occurred more frequently in the time range of 0.5 to 1.0 seconds after perceptual alternation
compared to the RBF. This suggests that perceptual alternation induced spontaneous blinks. Moreover, this temporal association was
also observed in trials where a spontaneous blink occurred before perceptual alternation. This finding reduces the likelihood of potential
confounding factors, such as eye dryness and task-dependent disinhibition of blinking. Spontaneous blinking serves to lubricate the eyes,
and the occurrence of blinks indicates weaker suppression of blinking during those trials. Furthermore, these findings were further
supported by another experiment using bistable apparent motion stimuli. Specifically, spontaneous blinks occurred in a time-locked
fashion after perceptual alternation, irrespective of whether a spontaneous blink occurred before perceptual alternation. Collectively,
our study revealed reciprocal and differential relationships between different types of blinks and perceptual alternation: voluntary blinks
facilitate perceptual alternation, and perceptual alternation induces spontaneous blinks.

Acknowledgements: Supported by JSPS KAKENHI (18K18686, 20H01781).
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Didem Kadihasanoglu?, Behic Bugra Biber?, Rabia Barin Adsiz!, Kayra Kaan Donmez?, Xiaoye Michael Wang?, Geoffrey P. Bingham3
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Recent work on optical variables and control strategies used in visually guided braking suggests that individuals use proportional rate
(PR) control when controlling deceleration to avoid collision. They initiate braking at a certain PR value and control braking so as to
maintain that value constant during the approach (Kadihasanoglu etal., 2021). The advantage of PR control over other control strategies
such as constant tau-dot control (e.g. Yilmaz & Warren, 1995) is that it offers a range of PR values that could result in successful braking.
Selecting a different PR value within this range will only affect the timing of the movement. In this work, we manipulated the timing of
the movement by giving participants instructions with different time constraints and examined the resulting PR trajectories. Participants
viewed computer-generated displays simulating an approach to an obstacle in the path of motion and used a brake to stop at the
obstacle. Three groups were tested: fast (stop as fast as possible), slow (stop as slow as possible), and control (stop at the obstacle with
no time constraint). The analysis revealed a significant main effect of the instruction type on the mean PR values during approach, F(2,
57) = 19.046, p < 0.001, n? = 0.401. Bonferroni adjusted pairwise comparisons indicated that the slow group had significantly smaller
mean PR values (-7.11, SD=1.78) than the fast (—4.33, SD=1.09) and control (-5.36, SD=1.37) groups, whereas those for the fast and the
control groups were not significantly different. The closer the mean PR value to zero, the later during the approach the braking is initiated.
Consistent with the proportional rate control, the results provided evidence that participants used different PR values to accommodate
different time constraints.

Acknowledgements: This work was supported by the Scientific and Technological Research Council of Turkey (TUBITAK, Project no:
121K255).
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Background: Autism Spectrum Disorder (ASD) is a highly prevalent neurodevelopmental condition of unknown etiology. There is growing
interest in sensory processing in autism, and sensory symptoms have become a diagnostic criterion in ASD. Prevailing views explain this
alteration due to the underuse of perceptual priors (pre-knowledge and expectations about upcoming stimuli). However, investigations
of this hypothesis have yielded mixed results, suggesting that sensory symptoms rely on more nuanced alterations. Objective: Given
these uncertainties, our study aims to investigate differences in learning stimulus probabilities between autistic and non-autistic
individuals during a visual search task. Method: Two groups of participants, ASD (N = 34) and NT (N = 40), performed a visual search task
for a singleton color in a briefly displayed array. To manipulate search color probabilities, in each trial, the target color and distractors
were randomly selected and sampled from either a uniform (Experiment 1) or a Gaussian distribution (Experiment 2). Participants
reported the orientation of the target. Results: For NT, accuracy was higher when the color target matched the mean of the color
distributions. Accuracy decreases as target colors deviate from the mean, regardless of a uniform or Gaussian distribution. For ASD,
however, accuracy was only higher at the mean target color in Gaussian distributions, not uniform. This finding suggests that individuals
with ASD vary in their susceptibility to stimulus probability distributions. Conclusion: The results reveal that contrary to current views,
autistic individuals can learn and form priors. Whereas non-autistic individuals demonstrated a bias towards the mean regardless of the
distribution type, autistic individuals did not show this bias when the distribution was non-uniform. These findings emphasize the
nuanced differences in how individuals with ASD form priors and expectations within the visual environment.
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Use of Volumetric Shading Information in Human and Artificial Object Recognition
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ILoyola University Chicago (US)

Object recognition is a crucial function of biological vision, but the mechanisms underpinning recognition are not well understood. One
potential source of insight into the problem of object recognition comes from artificial neural networks (ANNs), which have attained
humanlike performance levels in recognition tasks with natural images. However, evidence suggests that ANNs leverage different
information than humans in the recognition task. Previous research found a texture-bias in ANNs’ object recognition when shape and
texture were decoupled. Humans, by contrast, were shape biased. When shape and texture are separated, information about the 3D
structure of the object’s shape is typically also lost. We studied ANNs’ texture and shape biases with and without volumetric information
to assess their sensitivity to shading and other 3D object cues. We generated a dataset of 240,000 images of 3-diminesional objects
crosslinked with textures and rendered from various viewpoints. This dataset (ReTexture) contains images of models with both diagnostic
and non-diagnostic textures, half of which are wrapped around the 3D model and half of which are laid over the shape through 2D
masking. We used ReTexture to test humans and ANNs (ViT and ResNet-50) sensitivity to shape and texture when 3D information is
preserved vs. removed. In the human experiment, we presented participants with images whose shape belonged to one category and
whose texture belonged to a different category, comparing accuracy and response time when participants were asked to report the
identity of the object’s texture vs. its shape. We tested ANNs similarly but focused only on accuracy measures. We found that ANNs were
significantly more shape-biased when volumetric cues were preserved in the image. Humans were highly shape-biased irrespective of
3D cues. These results suggest that ANNs are less sensitive to objects’ bounding contours than humans but make use of local shading
cues for object recognition.

Acknowledgements: This study is funded by the Carbon Research Fellowship at Loyola University Chicago awarded to Luke D. Baumel for
2022-2024. First and second author equally contributed.
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Major neurocognitive disorders, such as Alzheimer's disease (AD), present significant challenges to international healthcare systems
(Wolf and Ueda, 2021). Early detection of cognitive impairments is crucial but remains logistically challenging. While conventional pen-
and-paper tests demand extensive training to ensure standardized administration and accurate interpretation, notable technological
advancements, like eye-tracking technology, are spearheading the development of procedures for early AD detection and facilitating the
diagnostic process. Consequently, eye-tracking technology offers a promising, cost-effective, and non-invasive tool for early detection of
neurocognitive disorders (Wolf et al., 2023). This study investigates eye movement behavior in older adults with mild cognitive
impairment (MCl) compared to those aging normally. It utilizes an approach that integrates two decision-making paradigms (Wolf et al.,
2018 & 2019) and a memory recall task to illustrate the pathophysiology of information search processes in MCI. Participants (N=50)
underwent comprehensive cognitive assessments, including the Mini-Mental State Examination (MMSE) and Montreal Cognitive
Assessment (MoCA), supplemented by evaluations of nutritional status, sleep quality, and geriatric depression scales. The concerns
regarding the social and economic implications of the increasing incidence of AD emphasize the necessity for reliable, non-invasive, and
timely cognitive scoring methodologies. By integrating eye movement metrics with psychosocial assessments, the findings could advance
the clinical diagnosis and monitoring of MCI and early AD, thus facilitating more effective interventions and personalized treatment
strategies.
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Haptic exploration is the process by which humans gather sensory information through physical contact with objects. Previous research
demonstrates that this process is inherently active and adaptive. Based on that notion, we hypothesized that humans optimize the
duration of their haptic explorations, and that this optimization is shaped by an interplay of valuation and predictive processes, also
taking costs such as motor effort into account. To study this, we assessed exploration duration and performance in a two-alternative
forced-choice spatial frequency discrimination task under varying conditions of task demands, motivation, and motor effort. Task
demands were manipulated by changing the discriminability of the virtual grating stimuli that were rendered by a force-feedback device.
Motivation was manipulated by introducing different levels of monetary reward, and motor effort was manipulated by implementing
forces counteracting the participants’ movements while switching between stimuli. Participants were instructed to switch between
stimuli after each single exploratory swiping movement and exploration duration was operationalized as the number of swiping
movements across the stimuli per trial. We observed that higher task demands led to longer exploration durations, likely reflecting
adaptation behavior that allows to attain a certain level of task performance. Moreover, higher reward led to extended explorations,
which is consistent with the expected higher motivation to increase task performance. Further modulations by motor costs are discussed.
Overall, we conclude that humans adapt the duration of their haptic exploration according to an interplay of the predicted task
performance and the motivational value associated with correct task performance, trading it off with the motor costs associated with
the exploration.

Acknowledgements: This research was supported by the Deutsche Forschungsgemeinschaft (DFG, German Research Foundation) —
project number 222641018 — SFB/TRR 135, A5.
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Previous research has suggested that children exhibit a diminished susceptibility to the Ebbinghaus illusion. However, recent challenges
to this notion have arisen, questioning the validity of this conclusion due to methodological choices and potential response biases. In this
study, we utilised two commonly employed paradigms: the method of adjustment (MOA) and the 2-way alternative forced choice (2AFC).
Building upon the recent debate, our hypothesis posited that young children would display lower susceptibility in the 2AFC condition,
while no developmental differences would emerge in the MOA condition. Forty-two children between the ages of five and seven, along
with thirty-nine young adults, participated in the experiment. They were tasked with either identifying the larger of two inner orange
circles in the Ebbinghaus illusion or matching one of the inner orange circles to another. Results across both paradigms revealed no
difference in susceptibility between young children and adults. The absence of reduced susceptibility in the 2AFC condition was
attributed to the heightened cognitive abilities of the children tested, thereby diminishing their reliance on response biases. These
collective findings underscore the influence of strategy employment and response biases on children's susceptibility to visual illusions,
suggesting the necessity for further investigation into this area.
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Proactive distractor suppression in early visual cortex
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Avoiding distraction by salient yet irrelevant stimuli is critical when accomplishing daily tasks. One possible mechanism to accomplish
this is by suppressing stimuli that may be distracting such that they no longer compete for attention. While the behavioral benefits of
distractor suppression are well-established, its neural underpinnings are not yet fully understood. In an fMRI study, we examined whether
and how sensory responses in early visual areas show signs of distractor suppression after incidental learning of spatial statistical
regularities. Participants were exposed to an additional singleton task where, unbeknownst to them, one location more frequently
contained a salient distractor. We then analyzed whether visual responses in terms of fMRI BOLD were modulated by this distractor
predictability. Our findings indicate that implicit spatial priors shape sensory processing even at the earliest stages of cortical visual
processing, evident in early visual cortex as a suppression of stimuli at locations which frequently contained the distracting information.
Notably, while this suppression was spatially (receptive field) specific it did extend to nearby neutral locations, and occurred regardless
of whether the distractor, a nontarget item or the target was presented at this location, suggesting that suppression arises before
stimulus identification. Crucially, we observed similar spatially specific neural suppression even if search was only anticipated, but no
stimuli were presented. Our results highlight proactive modulations in early visual cortex, where potential distractions are suppressed
preemptively, before stimulus onset, based on learned expectations. In sum, our study underscores how the brain leverages implicitly
learned prior knowledge to optimize sensory processing and attention allocation.
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Protracted development of gaze behaviour
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How does gaze behavior change with age? Adult gaze behavior towards complex scenes is largely driven by semantic content, as well as
by visuo-spatial gaze biases, including the center and horizontal bias. Previous research suggests that these gaze preferences differ across
various age groups. However, most studies involve small samples and compare only two or three age groups, with little focus on
adolescence. In this study, we aimed to trace the developmental trajectories of semantic gaze biases and basic visuo-spatial biases across
a broad age range. We collaborated with a science museum to build a fully automated eye-tracking exhibit, during which participants
freely viewed 40 natural scenes—a short test of individual gaze behavior. Here, we present data from > 6,500 participants (41% female,
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55% male, and 4% diverse), ranging from 4 to 72 years of age. We found a surprisingly protracted increase of text salience that stabilized
at around age 21-26, while the salience of touched objects continuously declined until around age 17-20. Notably, while the proportion
of dwell time on faces showed a steady decrease until age 15-16, the proportion of first fixation on faces continuously increased until
age 17-18. In terms of visuo-spatial biases, we found a linear decrease in the central bias until young adulthood, alongside a parallel
increase in the horizontal bias until ages 15-16, the latter matching developmental changes in visual sensitivity and cortices. Furthermore,
while visual exploration linearly increased until age 23-24, gaze similarity between observers decreased from childhood until
adolescence. Together, we demonstrate that fundamental aspects of adult gaze behaviour continuously develop over decades and
become more canonical over time. | will discuss a possible connection between reported changes in high-level gaze behaviour and
developmental changes in cortical selectivity along the ventral stream.

Acknowledgements: ML and BdH are supported by ERC Starting Grant 852885 INDIVISUAL. BdH is further supported by Deutsche
Forschungsgemeinschaft (DFG, German Research Foundation) Project No. 222641018-SFB/TRR 135 TP C9 and by “The Adaptive Mind”,
funded by the Excellence Program of the Hessian Ministry of Higher Education, Science, Research and Art.
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Perception requires a fine interplay between temporal integration and segregation mechanisms. Recent advancements have suggested
that alpha oscillations (7-13 Hz) may play a role in shaping temporal integration windows in the visual modality, with faster alpha
frequencies associated with finer temporal resolution. However, much of the literature relies on correlational evidence and
psychophysiological estimates, and findings are not consistently replicated. Here, we investigated the causal role of alpha oscillations in
defining temporal integration windows by means of transcranial alternating current stimulation (tACS) and electroencephalography
(EEG). Over three consecutive sessions separated by washout periods, bilateral high-definition tACS was applied over parieto-occipital
electrodes at either the individual alpha frequency (IAF), IAF+2, or IAF-2 Hz while participants (N=30) performed a two-flash fusion task.
In the task, two flashes are presented in rapid succession separated by a varying interstimulus interval and participants have to report if
they perceived either one or two stimuli. A mixed model analysis demonstrated that accuracy varied as a function of stimulation
frequency, with stimulation at higher (lower) frequencies enhancing (reducing) task accuracy. This effect was mediated by stimulus
hemifield and interstimulus interval (ISIs), with a greater tACS modulation for flashes presented in the left hemifield and for
medium/longer ISls. Regarding EEG results, we found modest electrophysiological evidence of alpha frequency modulation following
stimulation, suggesting a short-term plasticity that is not captured by offline recordings. These findings suggest that mixed model analysis
might help unveiling complex effects of tACS on perception that are mediated by low-level stimulus characteristics and inter-individual
differences. Importantly, they provide novel evidence about the possibility of modulating perceptual sampling using tACS delivered at
individualized alpha frequencies.
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Humans can rapidly and automatically categorize objects suggesting that the categorization process is hard-wired and bottom-up. In this
study we, nevertheless, examined if the level at which an object is categorized modulates its neural representation. We asked participants
to categorize images either at the superordinate level (animal/non-animal) or at the basic level (bird/non-bird) while measuring their
scalp electrical activity. As expected, participants performed better (faster, more accurate) in the superordinate than in the basic task,
principally due to difference in performance when categorising bird images. To determine if object representations change with
categorical level, we applied linear classifiers to EEG data and compared decoding accuracy between bird and non-bird animals when
participants performed superordinate or basic categorization. We found that decoding accuracy was low and comparable for the first
200 ms but was subsequently better for the basic task. That is, the neural responses to birds and non-bird animals become more
separable when performing basic-level than superordinate-level categorization. On the other hand, decoding accuracy between non-
bird animals and vehicles was comparable in both tasks, indicating that the results were not driven by the ‘target’ and ‘non-target’
assignment to the categories, or by differences in motor responses. Representational Similarity Analysis further suggests that bird
representations were more distinct than animal and vehicle categories during basic-level categorisation. We conclude that neural
representations of objects are adaptively altered to the current task requirements.
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In interceptive tasks, the trajectory followed by the target influences the kinematics of hand movements. Although it is generally
accepted that online information underlies the control of action, there is still controversy over the specific nature of the information
used to guide action. This study challenges the traditional focus on optical information alone, highlighting the crucial role of internal
representations in coordinating eye and manual movements. Specifically, we examine the impact of predictive mechanisms on the angle-
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of-approach effect and the curveball illusion during interception tasks. Fifteen participants were required to intercept a moving Gabor
patch that included a drifting internal texture. Our findings show a robust angle-of-approach effect due to the kinematics of the target,
and a strong curveball illusion effect due to the drifting stimulus in manual aiming. Interestingly, the viewing conditions mediate only the
extent of the curveball illusion effect, indicating a differential reliance on intermediate estimated and predicted cues. To explain this
discrepancy, we introduce a Linear Quadratic Gaussian (LQG) controller that accurately replicates the kinematic patterns observed based
on different levels of internal uncertainty. Our findings offer a comprehensive and quantitatively grounded explanation of the dynamic
interplay between internal estimations and motor control under visual illusions.
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We conducted an experiment to validate an adaptation model of curvature detectors aimed at explaining the flash-induced circular
shape distortion illusion. When circular shapes and their gradient counterparts alternated in flash presentation at 2 Hz, the circular shape
appeared to transform into a polygon within 2-3 seconds, and its orientation was unstable. To account for this phenomenon, we
proposed a model assuming a group of curvature detectors corresponding to the curvature of the circle. In this model, adaptation of
these detectors leads to relatively larger outputs of adjacent detector groups with smaller curvature (straight lines) and larger curvature
(angles), resulting in the perception of a polygon based on their combination. If this model is correct, we anticipated that after adapting
to a stationary polygon of a specific orientation, observing the flash-induced circular shape distortion illusion would result in a perceived
polygon with an stable orientation (position of straight lines and angles) different from the adapting stimulus. In the experiment,
observers were presented with adapting stimuli of either two types of hexagons, with upper parts being straight lines or angles
(experimental condition), or circular shapes (control condition), followed by flash stimuli to observe and report the shape of the upper
part of the perceived polygon. As a result, more responses of polygons with orientations different from the adapting stimulus were
reported in the experimental condition compared to the control condition. These results support the adaptation model of curvature
detectors.

Acknowledgements: Supported by JSPS Grant-in-Aid for Scientific Research (C) 21K03145, (A) 21H04426, and RIEC Cooperative Research
Project of Tohoku University.
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Color perception relies on both the low-level spectral analysis of light reflected by an object and the high-level interpretation of retinal
output. In this study, we investigated the relationship between these two stages of color vision by examining differences in the perception
of illusory color signals and variations in chromatic sensitivity across a broad age range. Participants performed a color matching task by
navigating a cursor through a color space diagram to select the color that best represented their perceptual experience of a physically
gray stimulus, which appeared colored due to surrounding colored backgrounds. Additionally, individual chromatic sensitivity was
assessed using a standardized color vision test. We identified a strong inverse relationship between participants' perceptual experiences
and their chromatic sensitivities. The lower the chromatic sensitivity, the more saturated responses were assigned to the stimuli.
Consistent with the known age-related decline in chromatic sensitivity, we also observed a robust age effect, with older participants
consistently reporting more vivid color perceptions. Our findings suggest an interplay between low-level and high-level processing of
color information, where post-receptoral gain is dynamically adjusted to compensate for sensitivity losses. This provides valuable insights
into the potential mechanisms underlying bistable color perception.
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Remote robotic operation technologies hold vast potential for applications in disaster response, medical surgery, and beyond. However,
the use of general communication networks introduces the risk of temporal delay between the user’s operating action and its outcome,
including visual display. This delay is known to decrease sense of agency (SoA). Previous studies have focused solely on the impact of
delays on SoA and task performance, while the relationship between task performance and SoA remains insufficiently explored. This
study investigated the impact of temporal delays on task performance and participants’ SoA using a task that simulated simplified welding
operations requiring continuous control. Additionally, we analysed the progression of the relationship between SoA and performance.
For this purpose, a line-tracking task for 38 participants under four delays (0, 300, 600, and 900ms) and no-control conditions was
designed. The task involved using a PS5 controller to trace a moving line on a screen. Task performance was evaluated based on the time
the cursor stayed within a 4 mm deviation from the line centre, and subjective assessments of SoA were collected after each trial using
a 3-point scale: "completely in control" (full), "followed with a delay" (biased), or "felt like someone else was controlling" (no).
Throughout the experiment, performance linearly decreased as a function of delay, with the 900ms delay condition resulting in
performance levels comparable to the no-control condition. However, the subjective evaluations revealed a different pattern. The
proportion of "no" ratings at 900ms delay did not reach the same level as the no-control condition. These findings suggest that, although
performance and SoA are related, they may not be entirely mediated by the same underlying mechanisms.
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Evidence of adaptation to constant visual feedback delays has been observed in a wide range of simple visuomotor tasks. However, when
latency-induced visual feedback delays occur in more complex user-operated technologies, the delay is often not fixed at a single value
but instead continuously fluctuates. Additionally, those who commonly experience these delays in these applied settings, such as online
gamers or telesurgeons, experience the delay for an extended period of time over multiple sessions. In the present work, we explored
how participants adapt to both constant and varying visual feedback delays in a driving simulator task. In the task, participants had to
follow a line on the road as closely as possible while their steering inputs were delayed. We recorded a range of performance measures,
including: spatial error, average car position, and self-reported subjective experience. In Experiment 1, we exposed participants to these
two delay conditions for a single test session. We find that both groups recovered performance at a similar rate. The two delay groups
also demonstrated after-effects consistent with temporal visuomotor adaptation. In Experiment 2, we exposed participants to these
delay conditions across four sessions spaced one week apart. For both constant and varying delays, participants demonstrated faster
adaptation rates in consecutive weeks, demonstrating savings. Additionally, both groups reported that their perception of the delay
decreased across the four sessions, showing evidence of temporal recalibration. Together, these experiments demonstrate that
adaptation supports recovery of performance and maintains a stable perceptual experience in conditions of repeated exposure to
delayed visual feedback. The use of a complex task with a varying delay demonstrates that adaptation can support improved performance
and experience in the type of task encountered in both consumer and industrial applications.

Acknowledgements: BT & EPSRC funded studentship awarded to Sam Beech.
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When an object is partially occluded, its hidden parts are completed in visual perception, a phenomenon known as amodal completion.
In partially occluded scenes, the number of hidden objects is underestimated compared to an estimation based on the density of visible
objects and the amount of occlusion. It is still an open question at which level of processing this effect occurs. Here, we investigated this
question using a passive viewing task in which observers viewed a partially occluded game board that was later uncovered to reveal its
hidden parts. Concurrently, we measured the electroencephalographic (EEG) responses to the presentation of the occluded board and
when it was uncovered using P1, N1 and P3 components. We varied the number of initially visible and uncovered game pieces on the
board. We predicted that if underestimation of the hidden numerosity is a result of early perceptual processing, this would be observed
in the activities of P1 and N1, while if it is due to higher level processes such as expectancy or confidence, it would be reflected in P3
activities. Our data showed that P1 amplitude increased with numerosity in both occluded and uncovered states, pointing to a link
between P1 and physical stimulus features. The N1 amplitude was highest when both the initially visible and uncovered areas of the
board were fully filled with game pieces, suggesting that the N1 component is sensitive to the overall Gestalt structure. Furthermore, we
observed that P3 activity was reduced when the density of game pieces in the uncovered parts matched the initially visible parts, implying
a relationship between the P3 component and expectation mismatch. Overall, our results suggest that estimating the numerosity of
hidden items is influenced by high-level processing.

Acknowledgements: This work was supported by the European Research Council (ERC) under the European Union’s Horizon 2020
research and innovation programme (grant agreement No. 101001250).
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Extensive research demonstrates that visual attention is selectively concentrated, necessitating ocular movements to acquire
information from the environment. The 'Functional Visual Field' encapsulates this selective focus, which is influenced by the complexity
of the targeted feature. Insights into the Functional Visual Field have primarily emerged from experiments using simplified stimuli in
single-item search tasks. However, the role of subsequent actions performed with attended stimuli, such as collecting or organizing, has
often been neglected despite their relevance in real-world scenarios. Our study aimed to address these gaps via a tablet-based task
utilizing 2D LEGO® stimuli, thereby more closely simulating real-world objects. By integrating a designated drop area for post-selection
actions (e.g., collect, sort, pile), we explored how search feature and task complexity affect eye movements and examined whether visual
search mechanisms might be governed by broader principles, including both the initial selection and subsequent manipulation of objects.
Participants were tasked to select items of the same color or same shape and subsequently drop them according to specified actions
(e.g., collect, sort, or pile). Findings revealed more yet shorter saccades executed when targets were shape-matched. Saccadic endpoints
analysis showed a symmetric search pattern across both horizontal and vertical meridians for shape searches, while color searches
induced larger, predominantly horizontal saccades. Finally, the sorting task elicited larger and more frequent saccades compared to
simple collecting, underscoring the influence of task complexity on eye movement patterns. Taken together, the results suggest that
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color searches expand the attentional FVF, enabling the detection of near-to-far targets and promoting an efficient near-to-far pick
pattern. Conversely, complex shape searches require a narrower FVF, leading to systematic, grid-like exploration.
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Sudden visual field loss often accompanies lesions along the visual pathways. It has been demonstrated that the pattern of exploratory
eye movements is abnormal in the acute phase post injury. Although some patients may show spontaneous recovery, in majority of cases
the abnormal dynamics of eye movements persists in the chronic phase. NeuroEyeCoach (NEC) is a compensatory rehabilitation training
programme aimed at improving saccadic efficiency. It can be accessed online and has shown efficacy in improving outcomes such as
faster search times and reduction in perceived disability. Here we report on the comparison of accessing NEC online, versus its supervised
use in a clinical setting. 95 hemianopic patients accessed NEC online and 31 cases underwent supervised therapy in a clinical setting.
Measurement of patients’ performance before and after the intervention included reaction times in visual search, number of errors, and
performance on a cancellation task. An activity of daily living questionnaire was also administered before and after the intervention to
measure changes in subjective level of disability. Both groups showed faster search times, less errors, and improved performance on a
cancelation task and a reduction in the self-reported disability after using NEC. Supervised group also showed significantly larger gains
in search times and on cancelation task under supervised training than the home group. However, the improvements in the perceived
level of disability were not significantly different between groups. NEC is effective in reducing the perceived disability and improving
visual search in hemianopic patients when used supervised and unsupervised. The objectively measured gains are larger in supervised
than home group, but this improvement is not extended to the subjectively measured outcomes and may relate to other factors such as
increased attention improving task performance under supervision.
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Typical visual displays cover only a small fraction of the human field of view; even most virtual reality (VR) goggles are far from filling the
entire visual field. How does this restriction affect the perception of self-motion induced by an expanding visual stimulus? We asked
participants to walk at a constant speed of 1m/s on a treadmill in the center of a panoramic screen that filled 240 degrees of visual angle.
We verified that they followed the instruction to look straight ahead by motion capture and eye tracking. On the screen, a scene depicting
a cobblestone street framed by terraced houses was presented. The street extended straight ahead from the treadmill and the scene
could move at varying speeds. Participants adjusted the speed of the scene such that they perceived it matching their walking speed.
Part of the field of view could be blocked by an opaque gray overlay. When the full scene was visible, participants adjusted the visual
speed to approximately twice their actual walking speed (1.9 m/s). This adjusted speed increased when a larger part of the periphery
was blocked, reaching 2.3 m/s when only the central 10 degrees remained visible. When only peripheral stripes of 20 or 40 degrees were
shown on each side, the adjusted visual velocity dropped, but reached 1 m/s only when the central 160 degrees were blocked. Our results
highlight the role of central and peripheral vision for self-motion estimates and the importance to carefully consider the field of view
during visual stimulation.

Acknowledgements: The work was funded by the German Research Foundation (DFG), project ID 222641018 (SFB/TRR-135).
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Texture regularity, as in for example the repeating pattern in a carpet, brickwork or tree bark, is a ubiquitous feature of the visual world.
The perception of regularity has generally been studied using multi-element textures whose regularity is manipulated by the addition of
random jitter to the elements’ positions. We investigated the selectivity of regularity perception for the luminance contrast polarities of
texture elements. Our psychophysical tool was simultaneous regularity contrast, the phenomenon in which the perceived regularity of a
central target texture is altered by a surround texture with different regularity. Stimuli were composed of arrays of dark or white Gaussian
blobs. Surrounds and center (test) stimuli had either the same, opposite or random mixtures of polarities. A matching stimulus with the
same dimensions as the test was used to measure the perceived test regularity for a series of surround regularities that straddled the
regularity of the test. Simultaneous regularity contrast was observed with all combinations of test and surround polarity. Simultaneous
regularity contrast was bidirectional meaning that lower surround regularities increased while higher surround regularities decreased
the perceived regularity of the test. We found that the magnitude of simultaneous regularity contrast was significantly greater for same-
polarity compared to opposite-polarity tests and surrounds. With the random mixed polarity textures simultaneous regularity contrasts
were opposite in direction to that found with the unmixed polarity textures. Our results are consistent with regularity being encoded by
the degree of peakedness in the distribution of linear filter responses across spatial-frequency and orientation. We propose that
simultaneous regularity contrast results from inhibition between surround and test filters with similar spatial tunings, with the inhibition
being partially selective for luminance contrast polarity.
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Number processing is characterized by numerical signatures which are related both to the features of the stimuli and task demands.
Many of these signatures are related to either the magnitude being estimated, such as the size effect (i.e., small numbers processed
faster than large numbers) or Spatial-Numerical Association of Response Codes (SNARC; i.e., small numbers are classified faster with the
left than right hand), or relative difference between magnitudes, such as the distance effect (i.e., numbers further from a reference
processed faster than those close). In the processing of hierarchical displays, such as Navon stimuli, different information can be present
at different spatial scales (local and global). Thus, the same stimulus can produce different estimates, depending on what scale the
participant is instructed to attend. We employed hierarchical stimuli composed of symbolic numbers (1, 4, 6, 9) both at global and local
level. For example, a large “global” digit (e.g. 1) composed of multiple smaller “local” digits (e.g. 9). We then asked adult participants to
either classify global (N=31) or local numerosity (N=30) as being larger or smaller than a reference number (5), while ignoring the other
irrelevant spatial scale. We found faster processing of global stimuli (global precedence), consistent with typical Navon effects.
Furthermore, when global and local information were identical (i.e. same digit), classification was faster. While both groups showed
significant SNARC and distance effects, only the local group displayed size effects. Interestingly, local estimates were still faster even if
the global number was only in the same range as the local (i.e. 1 and 4 or 6 and 9). Taken together, these results suggest that numerical
processing occurs simultaneously at different spatial scales (even when task-irrelevant), but that local information is more subject to
global interference.
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Saccadic choice studies showed that humans initiate the fastest saccades towards faces compared to other visual categories such as
animals, objects and scenes. These studies typically present images peripherally, along the horizontal meridian (HM). Our past work
showed that face-specialized mechanisms engage most strongly along the HM due to the radial bias facilitating access to the horizontal
structure of the face, known to optimally drive face detection and identification. We therefore hypothesized the set-up of past saccadic
choice studies may have privileged the access to the horizontal structure of the human face, and therefore (partly) account for the
saccadic advantage for faces reported so far. Thirty-six participants performed a saccadic choice task, targeting either faces or vehicles
presented at 15° eccentricity along both horizontal (HM) and vertical meridians (VM). We expected to corroborate the saccadic
advantage for faces along the HM where the radial bias facilitates access to horizontal content, and to see a reduction of this advantage
along the VM. We found that the minimum reaction time to initiate a correct saccade (i.e., toward the cued category) was shorter for
faces than vehicles overall. This advantage for faces was most prominent along the HM. These findings suggest that the reduced access
to horizontal information along the VM could decrease the saccadic advantage for faces. We will investigate this phenomenon further
by addressing its potential link to the radial bias and the horizontal tuning of foveal face recognition that we measured in the same
participants.
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There is a wide spectrum of visual imagery ability among individuals, with some having exceptionally vivid mental imaginations, while
others may struggle to form clear mental images of visual stimuli (Pearson, 2019). These individual differences may contribute to the
large variation in aesthetic appreciation of visual images. Here we aim to investigate the association between visual imagery ability and
the aesthetic appreciation of Dunhuang murals, particularly the role of color in this association. We selected 24 high-resolution Dunhuang
murals and created a set of monochrome versions by altering the color. A total of 41 Chinese undergraduate students (26 females and
15 males) with normal color vision were asked to view the monochrome images for five seconds and then close their eyes to visualize
the images for 5 seconds. They were then instructed to rate each mural on two 9-point Likert scales based on two dimensions: like vs
dislike and understanding vs. not understanding. After two days, they went through the same procedure for the original 24 murals. At
the end of the experiment, we evaluated participants’ visual imagery ability with Vividness of Visual Imagery Questionnaire. Participants
demonstrated a 12.5% higher level of comprehension for the monochrome images (5.39 +.78) compared to the original color versions
(4.80 .76, t=4.94, p < .001). Despite this increased comprehension, participants expressed a preference for the colored images (5.21 +
.58 vs 5.45 + .59, t= -3.61, p = .0010). Further analysis revealed a strong correlation between visual imagery ability and the level of
understanding for monochrome images (r = .41, p = .010), but not for color versions. These results suggest that (1) preference and
understanding are separate in aesthetic appreciation of Dunhuang murals, and (2) visual imagery ability facilitates a deeper
comprehension of the Monochrome Dunhuang Murals.

Acknowledgements: Guangdong Provincial Key Laboratory IRADS (2022B1212010006) and UIC Research Grant (R0400001-22, R202002)
at BNU-HKBU United International College.
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To efficiently navigate and make sense of a visually complex environment, our neurocognitive system is capable of extracting and learning
visual statistical contingencies to implicitly guide the allocation of spatial attention resources. Spatial attentional selection has been
consistently associated to a “Mexican-Hat”-like distribution, wherein a shadow of sustained inhibition is projected around the center of
the attentional focus to optimize the signal-noise ratio between task-relevant targets and interfering distractors. While it has been shown
that experience-dependent mechanisms (e.g., reward) could shatter the inhibitory ring, the effect of statistical learning remains hitherto
unexplored. To fill this gap, in a visual search psychophysical task, we mapped the visuospatial attentional profile. Participants (N = 26)
initially directed their attentional focus toward a red target C. Following this, they were asked to indicate the orientation of a non-target
C positioned at different distances from the red target. This condition allows to measure the behavioral expressions of the spatial profile
of the attentional focus. We manipulated target spatial contingency to make it appear more frequently adjacent to the probe, i.e., in the
inhibitory ring where we expected the lowest performance according to the Mexican-Hat attentional profile. Critically, this manipulation
was crossed counterbalanced between visual hemifields and spatial quadrants, so that the stimulus array in each visual hemifield was
defined by a manipulated vs. unmanipulated quadrant. We found that statistical learning engendered a reshaping of the attentional
focus, transforming the “Mexican-Hat”-like profile into a non-linear gradient one, through a performance gain over the high probability
spatial position. Noteworthy, the above effect appears to be asymmetric as it specifically unveils only within manipulated quadrants of
the stimulus array, leaving — instead — unaltered the unmanipulated ones. These findings bring theoretical insights into how
environmental visuospatial regularities orchestrate attentional allocation throughout a plastic re-weighting of spatial priority maps.
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Binocular rivalry occurs when two incompatible images are simultaneously presented, one to each eye, so that they compete with each
other to be the dominant percept. This fascinating dynamic visual illusion has been studied extensively as a window on to creative visual
perception and conscious awareness. Traditionally, rivalry was characterized according to the dominant percept, but in recent years
more studies focused on the percepts that occur during the transition from one image to the other. In 2016 researchers associated mixed
percepts with a type of EEG signal thought to reflect cortical inhibition. We sought to replicate this result, and to generalize the finding
to other measures and conditions. Perceptual reports were collected from 48 participants while viewing rivalry with orthogonal gratings
(red in one eye and green in the other). Both dominant and mixed percepts were reported via button response. We measured whole
brain MEG while participants viewed either tagged or untagged stimuli. In the tagged design, monocular stimuli flickered at 5 or 6.7 Hz.
For this dataset, we replicated the finding that event-related intermodulation frequencies (1.7, 11.7 Hz) are greater for mixed percepts
than for dominant percepts in multiple visual cortical areas. In the untagged dataset, results showed that alpha power peaks prior to a
mixed percept, but alpha power is reduced prior to a switch-to-dominant. Connectivity analyses suggest a strong top-down source of the
alpha signal. Finally, we compare the MEG results described above to those obtained when stimuli require inter-ocular grouping to
experience global image perceptual dominance. As predicted, the later conditions elicited greater mixed percepts, along with
enhancement of the physiological effects previously outlined. In conclusion, we consistently find that release from cortical inhibition
accompanies the transition to a dominant percept in the context of controlled rivalrous competition, and perhaps during natural vision
as well.

Acknowledgements: NSERC Discovery Grant.
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Human visual motion processing involves two-stages: activation of local motion sensors and global pooling of these responses. Using an
efficient equivalent noise paradigm, we explored temporal integration of local and global motion information by manipulating both the
duration (lifetime) of the local elements of a moving pattern and the duration of the global stimulus. Such manipulations elevate motion
coherence thresholds, but it is unclear if this results from changes in local or global motion processing. Our participants judged if the
overall direction of a moving dot pattern was clockwise or anti-clockwise of a randomly selected cardinal reference-direction. Our
paradigm used an adaptive staircase to determine (a) the minimum direction offset required for reliable judgement of direction in a
pattern where dots moved in similar directions and (b) the maximum tolerable directional noise (range of directions present) allowing
participants to judge if a stimulus moved either +45 or -45 degrees of the reference direction. The two sets of thresholds allow one to
infer both the accuracy of participants’ (local) judgement of direction of single dots and the effective number of samples they globally
average. We tested various dot lifetimes (33.36, 66.72, 133.4, and 266.8ms; stimulus duration 1000ms), and stimulus durations (62, 125,
250, 500, 1000, and 2000ms; dot lifetime 133.4ms), for dots moving at 10 deg/s. Longer dot lifetimes tended to enhance local direction
processing (with performance plateauing around 133ms) without changing global integration (number of samples averaged). Participants
who were poor at averaging exhibited generally higher local precision presumably because variable onset times introduces additional
noise when averaging elements. Longer exposure durations increased the number of samples averaged (roughly doubling sample size
over the times tested) but also modestly increased local noise, presumably due to increased local interference between elements.
Acknowledgements: Supported by the Leitl Trust.
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The quest for emotional artificial intelligence (Al) seeks to grant machines the capacity to recognize and respond to human emotions in
a human-like manner. One approach to solving the recognition problem, which has attracted enormous financial investment, is the
application of Ekman and Friesens’ Facial Action Coding System (FACS) to identify what “action units” (AUs) are activated in a face and
then convert these into emotion categories according to pre-determined AU combinations. This approach to emotion classification
performs well using posed facial expressions. However, these exaggerated stimuli do not capture the range of facial behaviour
encountered in everyday life. Naturalistic expressions are typically more subtle and complex than posed stimuli, and include cues to
emotion other than morphological features. When testing the level of agreement between humans and machine coding (AFFDEX) in
emotion classification for a large set of naturalistic expressions, we found very low agreement. At best, for happiness there was
agreement between humans and AFFDEX in two-thirds of the cases, which was nearly double that for any other emotion. At worst, for
sadness, anger, fear, and contempt, agreement was less than fifteen percent. Our comparison of AU activation profiles for human-
assigned and AFFDEX-assigned labels reinforces that a FACS-based approach to emotion classification is poorly suited to drawing human-
like conclusions from naturalistic facial expressions. These findings underscore the importance of designing Al systems that can adapt to
the subtleties of human emotional expression for greater human-Al consistency. The findings also caution users of FACS-based methods
of emotion perception about the limitations of these approaches in real-world scenarios.
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Understanding how humans learn to adopt novel cues for perception and action has important implications for sensory substitution and
augmentation learning. However, we know little about the mechanisms at play that support novel cue learning. One way to study this is
by investigating how ‘prior expectations’ build up with increasing sensory experience. Prior expectations, or predictions, that an observer
holds about an object feature, such as heaviness, can be inferred through measurements, such as grip force rate. In the absence of
instantaneous heaviness-cues, observers rely more on recent perceptual experience (history cue), leading to well-established serial
dependence effects. By studying how familiar (visual volume) and novel (line orientation) cues to object heaviness allow observers to
scale their heaviness predictions, relative to history cues, we can assess how quickly novel cues are adopted and influence predictions
for object interaction, compared to familiar cues. We tested participants on a serial object lifting task while recording grip forces. They
could either rely only on previous experience (history cue), with no visual cue, or would get a familiar or novel visual cue. Using
computational modelling, in each condition we fitted relative weights for the history cue vs the available visual cues. Preliminary results
(n = 40) showed that the history cue was weighted significantly lower when either familiar or novel visual cues were present, suggesting
that they were used to predict weight. The familiar visual cue had a significantly higher relative weighting than the novel cues. These
results suggest that novel cues can be quickly learned to update internal models of object heaviness. Notably, while they show a stronger
influence on object feature predictions than prior experience, they are not as efficient as familiar cues. Weight perception for action thus
may be amenable to augmented learning by updating internal predictions with increasing experience.

440
Visual perspective taking towards humans and social robots in a face-to-face interaction

Joel Currie!, Katrina McDonough?, Agnieszka Wykowska3, Maria Elena Giannaccini, Patric Bach?

lUniversity of Aberdeen (UK), 2University of East Anglia (UK), 3 Istituto Italiano di Tecnologia (IT)

Visual Perspective Taking (VPT), the ability to spontaneously imagine an estimation of how another sees the world, underpins human
social interaction, from joint action to predicting others' future actions and mentalizing about their goals and mental states. Due to highly
customisable, repeatable behaviours, robots provide an ideal platform to investigate cognitive abilities such as VPT in tightly controlled
face-to-face interactions. We contribute a novel experimental paradigm that robustly measures the extent that people take a human
and robot’s visual perspective during an interaction, by measuring how much a partner’s perspective is spontaneously integrated with
one’s own. In our task, participants sit at a table with their partner to the left/right of them. Characters of varying orientation are
presented either normally or mirrored. Participants judge whether the character is normal/mirrored. If a participant takes their partners
perspective, the task becomes increasingly harder as the letter is oriented away from their partner, and easier the more it is oriented
towards them - and this should be represented in reaction times. In our ongoing study participants are paired with another person, an
inanimate humanoid robot, or an animate humanoid robot that engages with the task alongside the participant and performs socially
interactive behaviours. We show (for the first time in a face-to-face interaction) that participants generally take other people’s
perspectives, but do not take the perspective of either robot. However, we find evidence that over time participants improve judgement
times from the animate robot’s perspective, demonstrating that VPT towards unfamiliar agents may be a more dynamic process than
previously thought, facilitated by animacy cues, and task/social behaviours. Our study provides insight for designers creating cognitively
penetrable robots. Importantly, our findings inform that people dynamically integrate other's viewpoints into their perceptual decision-
making processes, and the behaviours/features of the interaction partner enable this integration.

Acknowledgements: SGSSS/ESRC.
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Motion Dazzle and the Motion-Induced Position Shift on cursor representation: behavioral effects in pointing movements
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A growing literature describes the effects of high contrast repetitive patterns on the perception of moving targets: “Motion Dazzle Effect”
(MDE). Additional movement to those patterns moreover leads to the “Motion Induced Position Shift” (MIPS), where the target’s position
is misperceived in the direction of pattern movement. Here, we investigated whether these patterns also lead to both MDE and MIPS if
the pattern is placed on the cursor representation. For this, we used a goal-directed ballistic pointing task to 8 different target locations,
placed on a circle around the starting point with target directions at 45° oblique and cardinal angles. The cursor was represented with a
back-and-white striped pattern which was either stationary or moving with a constant velocity and direction within its circular envelope.
The pattern was oriented at 0 deg (parallel), 90 deg (orthogonal), 45 deg (clockwise) or -45 deg (counter-clockwise) relative to target
direction. Target and cursor were presented on a gaming monitor and movements recorded using a graphics tablet. We analyzed whether
the cursor pattern resulted in deviations of the movement path and target-pointing errors (over-/undershoot and sideways deviation).
We found that pattern motion led to directional pointing errors in the opposite direction of pattern movement, replicating the MIPS
effect for cursor representation. More importantly we also found an effect of stripe orientation in the stationary pattern conditions.
Particularly, the parallel relative pattern orientation led to overshooting the target whereas orthogonal pattern orientation led to
undershooting. In this protocol, we observed no sideways deviation resulting from the pattern orientations. However, pilot data suggests
that sideways deviations might be affected more by smaller relative pattern orientations and different target distances. Overall, the
results indicate that for visuo-motor tasks patterns on both target and cursor can influence pointing behavior.
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We cannot help but form a first impression every time we meet someone unfamiliar to us. While the existing literature has almost
exclusively focused on facial impressions, we know from our everyday experiences that other aspects of the person can also inform the
social judgements we make. Here, | first identify the most important and commonly used words and traits people use to describe their
first impressions based on voice recordings, first names and multimodal information (face, voice and name), which reveals the underlying
structure of these judgements. While the current literature on facial first impressions focuses on the evolutionary nature of such
judgements, exploring other modalities introduces some key judgments related to social learning such as social class. | then use a series
of multimodal rating studies to determine the relative importance of these three key sources of information — faces, voices, and names
—to the overall perception of friendliness, confidence and intelligence. Crucially, all faces and voices used in these studies were naturally-
varying and relevant to the context of first impressions, making them more representative of first impressions formed in everyday life.
Despite the focus on faces in the literature, voices were the most important source of first impressions for all three traits. They were
followed by faces, which still contributed significantly to the perception of friendliness, confidence and intelligence. Names had an overall
small effect on social judgements, with their strongest influence seen for ratings of intelligence, likely informed by judgements of social
class. This pattern of results persisted even when the presentation order of faces, voices, and names was systematically manipulated,
providing further evidence for the remarkable role of voices in the formation of first impressions.
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Sensorimotor adaptation is a key process to continuously adjust actions in dynamic environments. Humans correct their errors both with
the actor detecting the underlying systematic motor errors or, in an experimental setting, motor perturbations (explicit), as well as
without detecting it (implicit), each with different specific properties. Here, our perturbations were visuo-haptic size mismatches in a
grasping task. These mismatches followed two types of schedules (abrupt, sinusoidal) to investigate the respective contribution of (i) the
perturbation magnitude and (ii) the error signal on detectability of these perturbations. N = 48 participants were asked to grasp cuboids
of different lengths in a mirror-setup allowing us to present different sizes for seen and felt cuboids, respectively. We assessed
perturbation-detection performance in a size-judgement task and analyzed maximum grip apertures as a measure of error-correction.
We also measured pupil responses as a physiological no-report marker of perturbation detection that, if sufficiently sensitive, could allow
experimenters to forgo explicit judgements that inevitably point participants towards the manipulation. We found that participants
adapted their grip apertures to both abrupt and sinusoidal perturbation schedules, but more strongly for abrupt schedules. Detection
performance was comparable between sinusoidally and abruptly introduced perturbations for the first few trials, but declined over time
in “abrupt” blocks, consistent with the idea that reduced error signals following adaptation make it harder to detect perturbations.
Additionally, we found a weak (negative) correlation of detection performance and error-correction. Pupil diameter also responded to
perturbations in both schedules where larger diameters and faster dilation changes were related to larger perturbations and correct
re